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Abstract

Clostridium difficile infection (CDI) presents a rap-
idly evolving challenge in the battle against hospital-
acquired infections. Recent advances in CDI diagnosis
and management include rapid changes in diagnostic
approach with the introduction of newer tests, such
as detection of glutamate dehydrogenase in stool and
polymerase chain reaction to detect the gene for toxin
production, which will soon revolutionize the diagnos-
tic approach to CDI. New medications and multiple
medical society guidelines have introduced changing
concepts in the definitions of severity of CDI and the
choice of therapeutic agents, while rapid expansion of
data on the efficacy of fecal microbiota transplantation
heralds a revolutionary change in the management of
patients suffering multiple relapses of CDI. Through
a comprehensive review of current medical literature,
this article aims to offer an intensive review of the cur-
rent state of CDI diagnosis, discuss the strengths and
limitations of available laboratory tests, compare both
current and future treatments options and offer recom-

(4 9

TR
JBaishideng®

WJGPT | www.wjgnet.com

mendations for best practice strategies.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Clostridium difficile; Antibiotic-associated
diarrhea; Fidaxomicin; Rifaximin; Fecal transplantation;
Probiotics

Core tip: This paper seeks explore the treatment and
diagnosis of Clostridium difficile infection (CDI) through
an extensive literature review of available laboratory
techniques and new treatment options. For diagnosis,
this includes the glutamate dehydrogenase of stool and
polymerase chain reaction for gene toxin. For treat-
ment this includes guidelines based on severity, newer
antibiotics for the treatment of CDI, fecal microbiota
transplantation, and several new experimental treat-
ment options. Finally, this manuscript offers suggested
clinical guidelines for how to diagnose and treat CDI.

Oldfield IV EC, Oldfield Il EC, Johnson DA. Clinical update
for the diagnosis and treatment of Clostridium difficile infection.
World J Gastrointest Pharmacol Ther 2014; 5(1): 1-26 Available
from: URL: http://www.wjgnet.com/2150-5349/full/v5/i1/1.htm
DOI: http://dx.doi.org/10.4292/wjgpt.v5.i1.1

INTRODUCTION

Clostridinm difficile infection (CDI) continues to be a sig-
nificant and increasing problem. By far, CDI remains,
the most common cause of hospital acquired diarrhea
with the number of hospitalized patients with any CDI
discharge diagnosis doubling from 139000 in 2000 to
336600 in 2009 at a cost of $1 billion annuallym. In fact,
recently CDI has surpassed methicillin-resistance Staph-
ylococcus aureus (MRSA) as the most common hospital-
onset, healthcare facility-associated infection". Despite

February 6, 2014 | Volume5 | Issuel |
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significantly trailing MRSA in nosocomial deaths”, the
CDI death rate has dramatically increased from 3000 per
year in 1999-2000 to 14000 per year in 2006-2007",

One of the most important developments has been
the emergence of a new epidemic strain, which is resis-
tant to quinolone antibiotics, such as ciprofloxacin. The
first noted in 2001, the epidemic strain produces 16-fold
more toxin A and 23-fold more toxin B than other C. dif-
ficile strains”. Tn addition, the organism produces more
spores which results in contamination of the environ-
ment and the potential for further spread. The epidemic
strain has been associated with an increased incidence
of complicated cases and mortality compared to other
strains'”, Confusingly, the epidemic strain is referred to
as 027 by polymerase chain reaction (PCR)-ribotyping,
B1 by restriction endonuclease analysis (REA), Type 1
by pulse field gel electrophoresis (PFGE) and toxin type
Il by restriction fragment length polymorphism PCR.
For continuity throughout the article, the epidemic strain
will be identified only as B1. The B1 epidemic stain has
now spread widely throughout the United States, how-
ever, very few clinicians are aware of its presence in their
hospital because culture and identification of C. difficile
strains is rarely, if ever performed.

In this update, we will review recent advances in the
diagnosis of CDI, with a focus on laboratory methods,
and also new advances in the treatment of CDI and
relapses, including the rapidly expanding area of fecal
transplants.

DIAGNOSIS OF CDI

Risk factors for CDI

The first issue in a patient with suspected CDI is to de-
termine if there are associated risk factors. Antibiotic use
increases the risk of CDI by 8-10-fold during and for
one month after administration and 3-fold for the next
2 mo. Numerous studies have looked at risk factors
for CDI with a consistent implication of ampicillin (or
amoxicillin), clindamycin and cephalosporins (in particu-
lar the third generation cephalosporins (TGC), such as
cefotaxime, ceftriaxone and ceftazidime). For the TGCs,
an almost perfect correlation has been noted between
increasing use and rising incidence of CDI™ and con-
versely a decrease in CDI with decreased use of TGCs".
Increasingly, quinolones have been shown to be a signifi-
cant risk factor for CDI, especially with the epidemic B1
strain'. The use of multiple antibiotics and > 10 d of
antibiotics have also been associated with increased risk
(suggesting that therapeutic use of antibiotics poses a
greater use than prophylactic use) 101 Antibiotics which
have been less commonly associated with CDI include
aminoglycosides, macrolides, sulfonamides and tetra-
cyclines. Although the correlation with CDI is highest
with certain antibiotics, all antibiotics, even vancomycin
and metronidazole on rare occasion, have been reported
to cause CDI. However, exposure to antibiotics is not
necessary for acquisition of CDI. In one study, 24% of
patients with CDI had no antibiotic exposure and 9%
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Table 1 Characteristics of tests for Clostridium difficile

infections

Sensit- Detects Time to Cost Auvailability Stand

ivity  toxin in test alone
stool completion test
EIA Toxin A/B  ++ Yes h + ++++ Yes
GDH' ++++  No° h + e+ No
PCR* +4+ No® h 4+ 4+ Yes
TC? +++++  No° d +4+ +7 Yes
CCCNA* +++  Yes d et + Yes

'Glutamate dehydrogenase; *Polymerase chain reaction; *Toxigenic cul-
ture; ‘Cell culture cytotoxicity neutralization assay; *Detects presence of
Clostridium difficile (C. difficile 1) only, but not toxin producing capability,
requires confirmatory testing; ‘Detects toxin producing C. difficile, but not
toxin in stool, false (+) in asymptomatic carriers; ‘Only available in re-
search laboratory. EIA: Enzyme immunoassay; GDH: Glutamate dehydro-
genase; PCR: Polymerase chain reaction; TC: Toxigenic culture; CCCNA:
Cell culture cytotoxicity neutralization assay.

had received 3 d or less'?. Of the patients without any
antibiotic exposure, however, 75% were either hospital-
ized or had close contact with a person with diarrheal
illness.

Antineoplastic agents have also been associated with
CDYI, including doxorubicin, cisplatin, cyclophosphamide,
fluorouracil and chlorambucil™”, with methotrexate most
commonly implicated. The proposed mechanism behind
the pathogenesis of chemotherapy related CDI is two-
fold. First, the antineoplastic agents have been shown to
alter the gut microflora in a manner similar to antibiotics,
acting as the primary predisposing factor for developing
CDI". The second, these agents are capable of inducing
mitotic arrest in intestinal epithelial cells, subsequently
causing necrosis and desquamation of the mucosal mem-
brane!

Immunocompromised patients may represent a spe-
cial subset of CDI for which the incidence and treatment
may be more challenging to approach, in particular those
with solid organ transplantation. The incidence of CDI in
transplant patients has been estimated at 3%-7% for liver
recipients, 3.5%-16% for kidney recipients, 1.5%-7.8%
in pancreas-kidney recipients, 9% in intestinal recipients,
15% in heart recipients, and 7%-31% in lung recipients''”.
Further fulminant colitis is noted to occur in up to 8% of
immunocompromised patients and 13% of solid organ
transplant recipients with the highest incidence within
the first 3 mo" "™, The treatment of CDI in immunosup-
pressed patients should follow the same guidelines based
on disease severity as those outlined in this paper. One
important caveat to consider is the potential for drug in-
teractions with metronidazole, in particular the potential
for alteration in levels of tacrolimus'” (Table 1).

Increasing age has been a consistently noted risk fac-
tor, with a > 10-fold increased risk for those 60-90 years
old"*. Tn fact, 90% of all deaths are in persons 65 and
older"'!. Other associated risk factors have included ene-
| and
also enteral feedings (especially postpyloric), which have
been associated with an 11-fold increased risk of CDI®.

. . . 21
mas, stool softeners and gastrointestinal stimulants'
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Although rates of non-CDI diarrhea with enteral feed-
ings have been reported in up to 60% of patientsm], the
increased risk of CDI would suggest that CDI is a sig-
nificant problem for enterally fed patients. The significant
risk related to postpyloric tube feeding may be related to
the fact that gastric acidity has been shown to eliminate
99% of vegetative C. difficile cells™. Rates have also been
noticed to be increased after gastrointestinal operations
up to 25-fold compared to controls, probably related to
impaired motility, nasogastric tubes and preoperative an-
tibiotics' .

Recently, several studies have found a higher risk of
C. difficile infection in proton pump inhibitor (PPI) users.
In theory, PPIs may increase the risk of C. difficile infec-
tion by increasing the ability of the spore to convert to
the vegetative form and to survive in the lumen of the
gastrointestinal tract. Several meta-analysis have found a
significant relationship between PPI use and CDI with
odds ratios ranging from 1.69 (95%CI: 1.395-1.974)"*
to 2.05 (95%CI: 1.47-2.85)". Despite these results, the
most recent studies offer conflicting viewpoints as to the
association between PPI use and increased risk of C. dif-
Jicile infection. These studies showed that while univariate
analysis may show a statistically significant relationship
between PPI use and CDI, multivariable analysis reveals
no significant relationshipng]. Further, the most recent
review on detection, prevention and treatment of C. dif-
Jicile does not include restriction or avoidance of PPIs in
the recommendations for prevention of C. djfficile infec-
tion"™. nor is this recommended by multi society clinical
practice guidelinesm.

Although CDI is commonly felt to be a hospital-
acquired infection, with up to 87% of infections nosoco-
mially acquired, a significant number of cases are com-
munity acquired“m. In a prospective study of diarrheal
pathogens, 20% of infections were community acquired.
For an additional 15% of patients, CDI was acquired in
the hospital, but diarrhea began after discharge at home
for a total of 43% of cases with onset of symptoms at
home"”. As many as 25% of all cases of CDI develop
in nursing home patientsm. Suspicion should always be
high for CDI whenever there is diarrhea in a resident
of a long term care facility where there is a concentra-
tion of elderly, high use of antibiotics, CDI infection in
other residents, or frequent exposure to hospitals. This
increased risk is bidirectional: 20% of CDI with onset in
the hospital are in residents of a nursing home and 67%
of CDI in nursing home residents occurs in patients re-
cently discharged from an acute care hospitalm.

Even among asymptomatic patients many of these
risk factors appear to be the same. During a 2-mo pe-
riod, researchers at a tertiary cate hospital in Minnesota
performed PCR for toxigenic C. difficile on all consenting
asymptomatic patients, who had greater than a 24 h stay
without any known or suspected CDI, diarrhea or colitis.
Of the 320 stool samples collected, 31 samples (9.7%)
were positive for toxigenic C. dzjﬁcilelz()l. Multivariate analy-
sis revealed three main risk factors for C. difficile coloni-
zation: recent hospitalization within 3 mo (OR = 2.45,
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95%CI: 1.02-5.84), chronic dialysis (OR = 8.12, 95%CI:
1.80-306.65), and corticosteroid use (OR = 3.09, 95%CI:
1.24-7.73).

Clinical presentation of CDI

There is a broad range of clinical manifestations from
asymptomatic carriage (20% of culture positive patients)
to colitis with or without pseudomembranes to fulmi-
nating colitis and toxic megacolon. In one series, a two-
year institutional study of CDI revealed that “acute
abdomen” was the presenting feature in 5% of patients
with CDI, with 2 of 5 having no diarrhea prior to emer-
gency laparotomyml. This acute abdomen presentation
without diarrhea may be particularly confusing in the
postoperative patient. Onset is usually 5-10 d after anti-
biotic use, but ranges from 1 d up to 10 d after antibiot-
ics are stopped. Frankly bloody diarrhea is uncommon
(5%-10%)". In fact, only 26% have occult blood"".
Fever is noted in 30%-50%, usually low grade, not to ex-
ceed 102F™.

Leukocytosis, hypoalbuminemia and elevation of
baseline serum creatinine are highly suggestive of CDI.
Elevated white blood cell (WBC) count is common
(50%-60%), as well as increased band forms (47%) and
may be marked elevated”. Wanahita found a mean WBC
of lSSOO/mm3 with 26% of patients having a WBC >
20000/mm” and 6% > 30000/mm’. In fact, for all pa-
tients without a hematologic malignancy who had a WBC
> 30000/mm’, 25% wete found to have CDI™. The el-
evation of WBC may even precede the onset of diarrhea
or abdominal discomfort™ and may be responsible for
up to 58% of cases of unexplained leukocytosis in hospi-
talized patientsm]. In a series of patient with leukocytosis
who were C. difficile toxin negative, empiric treatment for
CDI led to resolution of leukocytosis™. CDI results in
a protein losing enteropathy with resultant hypoalbu-
minemia””, Serum albumin of < 2.5 or a fall in albumin
of > 1.1 have been associated with a poor prognosism]
Bartlett has noted that hypoalbuminemia in persons with
antibiotic associated diarrhea may be a clinical clue sug-
gesting CDI"". Fecal leukocytes have been found in
28%-40% of cases™. Detection of fecal lactoferrin (typi-
cally used as an indicator of inflammatory bowel disease
activity) has been shown to be almost twice as sensitive
(75%) as fecal leukocyte detection by methylene blue
stain"'!; however, both tests lack sensitivity and specificity
and add little to the diagnostic evaluation.

Radiologic diagnosis of CDI

Radiologic studies such as acute abdominal series have been
of little value with non-specific findings. Plain films of the
abdomen may reveal colonic dilation, (especially cecal) , and
non-obstructive related small bowel air fluid levels indica-
tive of ileus pattern. Abdominal computed tomography
(CT) has been reported to be normal in 39% of cases, but
often reveals a thickened colonic wall, which may be focal
or diffuse™. With fulminant colitis, there may be mucosal
thumbprinting and an “accordion” appearance with oral
contrast trapped in the thickened mucosal folds.
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Table 2 Comparison of American College of Gastroenterology 2013 and Society for Healthcare Epidemiology of America/In-

fectious Diseases Society of America 2010 Guidelines for Treatment of Clostridium difficile infection (Differences between the

guidelines are in bold)

SHEA/IDSA 2010' ACG 20137
Severity Definition Treatment Definition Treatment
Mild-to- WBC < 15000 cells/uL.  Metronidazole 500 mg 3 times/d by  Diarrhea plus any additional signs Metronidazole 500 mg orally 3
Moderate or lower and serum mouth for 10-14 d or symptoms not meeting severe or times/d for 10 d. If no improvement
Cr < 1.5 times the complicated criteria in 5-7 d, consider change to
premorbid level vancomycin at standard dose
Severe WBC > 15000 cells/uL. Vancomycin 125 mg 4 times/d by =~ Serum albumin <3 g/dL plus one of Vancomycin 125 mg orally 4 times/
or higher or a serum Cr mouth for 10-14 d the following: d by mouth for 10 d
> or equal to 1.5 times WBC = 15000 or abdominal
the premorbid level tenderness
Severe, Hypotension or shock, ~ Vancomycin 500 mg four times/d ~ Any of the following attributable to ~ Vancomycin 500 mg orally four
complicated ileus, megacolon by mouth or by nasogastric tube, CDI: ICU admission, hypotension  times/d and metronidazole 500 mg

plus metronidazole 500 mg every 8

h intravenously. If complete ileus,

consider adding rectal installation of

vancomycin

with or without the need for IV every 8 h and vancomycin per

vasopressors, fever = 38.5 'C, ileus rectum (500 mg in 500 mL saline as

or significant abdominal distension,

mental status changes, WBC > 35000
cells/mm’ or < 2000 cells/mm’,
serum lactate > 2.2 mmol/L, end

organ failure

enema) four times a day

'Society for Healthcare Epidemiology of America (SHEA)/Infectious Diseases Society of America (IDSA)*"; *American College of Gastroenterology (ACG)

[31]. [71)

WBC: white blood cell; CDI: Clostridium difficile infection; ICU: Intensive care unit.

Endoscopic diagnosis of CDI

Endoscopy is usually reserved for special situations. The
American College of Gastroenterology (ACG) guide-
lines recommend endoscopy when a rapid diagnosis is
needed, when there is a delay in results of toxin assay
or an initial negative toxin assay when CDI is strongly
suspected, when there is an ileus and stool is not avail-
able and when other colonic diseases are in the differ-
ential™ (Table 2). Endoscopy is frequently normal with
mild disease, but often reveals multiple typical yellowish-
white plaques (pseudomembranes) elevated above the
surrounding mucosa™. The plaques vary from a few
millimeters to 20 mm and may become confluent with
advanced disease and may slough off leaving a denuded
underlying mucosa. The intervening mucosa between the
plaques may be normal or erythematous and edematous.
Opverall, pseudomembranes have been detected in 41%
of cases of CDAD". Distal involvement of the colon
is most common, making flexible sigmoidoscopy a rea-
sonable initial test although in one series, false negative
rate due to proximal involvement with rectal sparing was
reported in 10% of cases*”. Histologically, the pseudo-
membranes, composed of fibrin, mucus, epithelial and
inflammatory cells appear as “clouds” rising from points
of superficial ulcerations. The lesions have been termed
“volcano” lesions appearing like an eruption above un-
derlying glandular lesions™”. In 22% of cases, pseudo-
membranes were visualized on endoscopy, but not pres-
ent histologically™"”.

Laboratory diagnosis of CDI

The state of the art for best practice is controversial and
confusing. Curry noted that “diagnosis of CDI remains
one of the most vexing difficulties for hospital microbi-
ology laboratories”, because there is no single accepted
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gold standard™. For many years, cell culture cytotoxic-
ity neutralization assay (CCCNA) was the accepted gold
standard. By this method, stool filtrates are inoculated
onto a monolayer of a cell culture in wells with and
without C. difficile antitoxin. Rounding of the cells in
the antitoxin-free well demonstrates a cytopathic effect
and the presence of toxin. If there is no change in the
antitoxin containing well, then the presence of C. dijfficile
toxin in the stool is confirmed. CCCNA is quite specific
for CDI and can detect toxin in the stool as low as 10
picograms. However, the assay is expensive, has a slow
turnaround time (2 d minimum), lacks standardization
among laboratories and is generally unavailable outside
the research setting. More recently, many investigators
have considered toxigenic culture (TC) as the method of
choice for diagnosis of CDI. With the toxicogenic cul-
ture method, stool is cultured for C. difficile on a selective
differential medium (cycloserine, cefoxitin, fructose agar
or CCFA). In the next step, the organism is tested for
ability to produce toxin. Compared to TC, CCNA has
only 67%-79% sensitivity[49]. The Society for Healthcare
Epidemiology of America (SHEA)/Infectious Diseases
Society of America (IDSA) 2010 guidelines note that “the
sensitivity and specificity of stool culture followed by
identification of a toxigenic isolate (TC) as performed
by an experienced laboratory provides the standard
against which other clinical tests should be compared”m].
Despite the assertions of the superiority of T'C as a gold
standard, there are significant issues with using TC as a
gold standard. The TC identifies the ability to produce
toxin, but not actual toxin in stool. This can lead to false
positives due to the fact that up to 7% of asymptom-
atic hospitalized patients may be colonized on admis-
sion with toxigenic C. difficile™. Rates of asymptomatic
colonization with toxin producing C. djfficile can be even
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higher among elderly patients in skilled nursing facili-
ties, approaching 20%"". Concern about using T'C as the
gold standard was raised by a recent study conducted by
the National Health Service (NHS) Laboratories in the
United Kingdom, which evaluated 12441 diarrheal fecal
samples[SZl. The study showed that the presence of toxin
in the fecal specimens was associated with poor clinical
outcomes; however, culture of toxin producing C. difficile
without detection of toxin in the diarrheal stool speci-
mens was not associated with worse clinical outcomes
than stools that were negative for toxigenic C. difficile.
At best, which test should be the gold standard for di-
agnosis of CDI, TC or CCCNA, is currently undecided.
One thing is clear if the gold standard being used is TC,
then all the comparators, whether enzyme immunoassay
(EIA), glutamate dehydrogenase (GDH) or polymerase
chain reaction (PCR), will be less sensitive. If CCCNA is
used as the gold standard, the comparators will appear
morte sensitive.

There is consensus that the EIA for toxin A/B, cur-
rently the primary test used in up to 90% of clinical
laboratories™ is too insensitive and non-specific and no
longer recommended as a stand-alone test™. The EIA
for toxin A/B has been adopted by most clinical labo-
ratories because it is fast, convenient and inexpensive.
Recent studies have shown however, that the sensitivity
can be as low as 38%"”. The EIA requires 100-1000
picograms of toxin as compared to the ability of the
CCCNA to detect less than 10 picograms of toxin".
In addition to poor sensitivity, the EIA also has a posi-
tive predictive value (PPV) as low as 50% due to the low
prevalence of C. difficile among all specimens submitted
for testing from symptomatic patients”’. Historically,
15%-25% of antibiotic associated diarrhea has been felt
to be due to C. difficile. However, most recent studies
suggest a decreasing rate of positivity with only 5%-10%
of samples testing positivem. In 2001, 22% of samples
tested were positive for toxin by EIA »s only 11% in
2007 If the prevalence of positive stools is 10%, then
the PPV of a positive toxin EIA varies from less than
50%-90%. Falsely diagnosing a patient with CDI can
lead to isolation of patients who are not infected. Isola-
tion has been shown to have negative consequences,
with a doubling of adverse events and days without a
physician note and an increase in formal complaints by
8-fold™". A false diagnosis of CDI can also lead to co-
horting of uninfected patients with patients who have
active CDI, particularly in skilled nursing facilities, as well
as delay in finding the true etiology of the diarrhea and
the unnecessary use of antibiotics. A systematic review
of toxin detection kits concluded that the sensitivity and
specificity of the different test kits were sufficiently het-
erogenous between studies of the same test, such that
meta-analytic methods could not be used to pool studies
on a particular toxin EIA assaym. They concluded that
differences in test characteristics were most likely related
to the threshold cutoff chosen for each test. Choosing
a low threshold increased the sensitivity, but at the same
time decreased specificity and vice versa. Overall, the au-
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thors concluded that none of the EIA toxin assays had
an acceptable predictive value and that a two-step testing
strategy should be used.

The lack of sensitivity and specificity of the toxin
A/B EIA assay has led to a search for more accurate test
methods. The detection of GDH in stool has shown
significant promise. The test is fast (15-45 min), conve-
nient, inexpensive, and sensitive. The GDH is a common
antigen expressed at high levels by all C. difficile strains.
However, the test only documents the presence of C. dif-
ficile, but not the presence of a toxigenic strain (20% of
C. difficile strains do not produce toxin) or the presence
of toxin in stool”™. Therefore, GDH (+) stool requires
confirmation of toxin production with a second test.
Early studies reported sensitivities as high as 100% for
detection of C. dﬁtz‘/em. However, more recent studies
have raised concern about the sensitivity of the GDH
assay for non-epidemic B1 strains. For non-epidemic B1
strains, the sensitivity may be as low as 69%",

The use of PCR to detect the gene for toxin produc-
tion (#dB gene) is promising as a stand-alone test for
CDI. The PCR for the toxin gene is fast (2 h) and sensi-
tive with a minimum detection limit of 105 per gram of
stool®. However, the cost can be 5-10 times greater than
EIA for toxin A/B. Sensitivity has been 91% as com-
pared to enzyme immunoassay at 67%". Overall, sensi-
tivity has been 84%-94% in comparison to TC, similar to
the CCCN™. Many hospital laboratories will be able to of-
fer ready availability of PCR testing with rapid turnaround.

There are currently four Food and Drug Administra-
tion (FDA) approved PCR assays, Gene Ohm (Becton
Dickinson, San Diego), Gene Xpert (Cephid, Sunnyvale,
Ca.), which not only can identify the Zoxin gene but also
the epidemic B1 strain, Progastro (Prodesse, Waukesha,
Wi) and Simplexa (Quest Diagnostics, Madison NJ). In a
meta-analysis of PCR »s TC, a pooled sensitivity of 92%
and specificity of 94% was reported[“]. Howevet, as with
TC mentioned eatlier, the PCR detects the soxin gene, but
does not detect toxin in stool raising concerns about over
diagnosis by detecting asymptomatic carriers. In addition,
the use of the PCR may increase CDI incidence rates
by greater than 50%". ‘This raises concern with manda-
tory reporting programs and inter-hospital comparisons.
Some authors have noted an increase from 6.5% positive
samples before the use of PCR to 15% after their labora-
tory changed to PCR for C. difficile detection™. In addi-
tion, the PCR cannot be used for suspected relapse as
up to 56% of patients will be positive by PCR at 1-4 wk
after completion of therapym. However, despite its high
sensitivity and specificity, at the recently noted prevalence
of 10% of CDI among tested specimens, the positive
predictive value may be only 63%"”. Despite these issues,
some laboratories have now adopted PCR as a stand-
alone diagnostic test for C. difficile e

Another promising method for CDI diagnosis is de-
tection of the foxin gene by loop-mediated isothermal
amplification (LAMP), which does not require a large
capital outlay for PCR™. This non-PCR based gene
amplification method detects the pathogenicity locus of
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toxigenic C. difficile. The test is simple, rapid (1 h) and
significantly less expensive than PCR based methods.
The Illumigene (Meridian Bioscience, Europe) assay was
found to have a 92% sensitivity, 98% specificity, 99%
negative predictive value and 84% positive predictive
value, respectfully[(’sl. However, the same issues that raise
concerns about TC and PCR, e, detection of toxigenic C.
difficile, but not toxin in stool, are true for LAMP.

The concerns with EIA for toxin A/B, PCR and
GDH as stand-alone tests has led to the study of an
algorithmic approach to the diagnosis of CDI, similar
to HIV and syphilis testing. Larson ¢ a/*”! studied a 3
step algorithm with the initial test being a glutamate de-
hydrogenase. If the GDH is positive, this was followed
by confirmation of toxin in stool with an EIA for toxin
A/B. If both are positive, the test is reported as positive
for CDLI. If the EIA toxin A/B is negative, the final re-
sult is determined with a PCR. Using this algorithm, they
found a sensitivity of 84% and specificity of 99.7% with
very high PPV of 97.5% and NPV of 99.7% compared
to a modified gold standard using CCCNA and PCR. In
the previously mentioned United Kingdom NHS study
using 12441 diarrheal fecal specimens, Wilcox concluded
that a two-step protocol with an EIA for GDH or a
nucleic acid amplification test (NAAT), such as a PCR
for foxin gene, followed by confirmation of stool toxin
by a EIA for toxin A/B was the most effective testing
algorithm in distinguishing patients with C. djfficile infec-
tion from those who did not have CDI". This two-step
algorithm has now become the standard in NHS labo-
ratories in England as of April 2012, The combina-
tion optimizes specificity and positive predictive value
(90%)"?. This same study found that using an algorithm
that optimized for sensitivity such as a GDH followed by
a PCR resulted in a 95% sensitivity, but a PPV that was
only 60%. In other words, 4 of 10 positive tests did not
really have CDI. This would be an optimal method for
excluding CDI, but not a very good method for deter-
mining if CDI was really present. The American Society
of Microbiology (ASM) recommends that if the toxin
A/B EIA or CCCNA is used and is negative, specimens
should be further tested by PCR or TC"". The ASM
noted that utilizing toxin A/B EIA for C. difficile diagno-
sis is insensitive and no longer recommended as a stand-
alone test. The ASM also noted that laboratoties can
also use a PCR to detect C. difficile toxin genes as a stand-
alone diagnostic test. The SHEA/IDSA guidelines sug-
gested that an initial GDH test followed by confirmation
with either TC or CCCN was an option” . However, as
previously noted, the last two tests are rarely available in
clinical laboratories and results would not be available in
time for clinical use. The 2013 ACG guidelines recom-
mend a NAAT such as PCR as a standard diagnostic test
for CDI. The guidelines also suggest that a GDH EIA
can be used an initial screening test in a two-or three-
step algorithm with subsequent confirmation of positive
results with an EIA for toxin A/B. If the EIA for toxin
A/B is negative, then a NAAT test should follow. How-

(4 9

A
JBaishideng®

WJGPT | www.wjgnet.com

ever, the ACG guideline notes that the sensitivity is lower
than a strategy based on an initial PCR™,

Repeat testing for CDI

One aspect of testing about which there is broad agree-
ment is that there are limited indications for repeat test-
ing. Yassin et al™ have suggested that performing the
EIA for toxin on two or three samples can increase sen-
sitivity to about 90%. However, Renshaw ef a/” suggest-
ed that repeated assays accounted for 36% of all toxin
assays ordered, but provided clinically useful informa-
tion in only 1% of the cases and significantly increased
cost. Aichinger et al™ found that repeat testing within 7
d by EIA for toxin A/B or by PCR for C. djfficile toxin
resulted in < 2% positive tests. In another study, repeat
testing accounted for 17% of all tests ordered, but only
1% were positivem]. Peterson ef a/”” noted that with a
sensitivity of 73% and a specificity of 97.6% that if the
C. difficile EIA was negative on the first two tests, a posi-
tive result on the third test was three times more likely to
be a false positive than a true positive due to decreasing
pretest probability with consecutive negative tests. In
fact, even on the second test after an initial negative, the
positive predictive value is less than 50%, about as good
as flipping a coin. The 2013 ACG guidelines make a strong
recommendation that repeat testing not be performed.

There is clearly no indication for serial monitoring
of stools or an end of treatment “test of cure” as 1/3
of patients will still have a positive assay at the end of
successful treatment™. Stool carriage has been noted to
persist for 3-6 wk after successful treatment and has not
been found to predict who will relapsem. Requiring a
negative test to come out of isolation or before transfer
to a long term care facility is inappropriate. Again, the
2013 ACG guidelines make a strong recommendation
that testing for cure should not be done.

Given the limitations of the available laboratory tests
for CDI, a reasonable approach is: (1) if CDI is sus-
pected on clinical grounds, perform C. difficile testing ac-
cording to your hospital laboratory protocol. Be aware of
the test or algorithm they are using. Many clinical labo-
ratories are in the process of changing testing protocols;
(2) if the test is positive, continue or initiate treatment,
if not started empirically; and (3) if the test is negative,
make a clinical decision on whether to treat based on the
likelihood of CDI (recent exposure to antibiotics ot ptior
CDI, elevated white blood count or elevated creatinine
or decreased albumin, age or other risk factors). If CDI
1s still suspected after a negative test, empiric treatment is
reasonable. Repeat testing yields minimal additional true
positives and increases cost. The ACG Guidelines make
a strong recommendation that “Repeat testing should be
discouraged”,

In summary, testing for CDI is in flux, confusing and
controversial. As noted by Fang, “the clinical laboratory
can place the perpetrator (C. difficile ) at the scene of the
crime, but only the clinician can establish whether a crime
(CDI) has taken place””,
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THE CONTROVERSY OVER BASIC
TREATMENT CHOICES

Despite numerous treatment trials for C. difficile infec-
tion, dating back to 1978, the drug of choice for CDI re-
mains controversial. In fact, Pepin noted that “there are
few common infectious diseases in developed countries
for which the treatments used in 2006 are essentially the
same as those recommended one-quarter of a century
ago”"". The same can be said for 2013 and the foresee-
able future. The recent Cochrane Collaboration review
of antibiotic treatment for CDI vividly illustrates the on-
going problems related to treatment decisions”™. The
authors reviewed randomized, controlled trials of antibi-
otic therapy for CDI. There were 15 studies considered
evaluable with 1152 patients involved. There was only
one placebo controlled trial, which was considered to
be of small size with poor methodological quality. The
authors concluded that even the most basic question
of whether any antibiotic is effective, much less which
one, has not yet been answered. The authors stated,
“this review cannot establish the efficacy of antibiotic
therapy for CDI as the only placebo controlled trial is
inadequate”. In fact, they noted that there is “uncet-
tainty whether mild CDI needs to be treated”. Further,
they noted that “this review cannot definitively make a
specific antibiotic recommendation for the treatment
of CDI”. When looking at particular antibiotics, they
concluded that “no single antibiotic is clearly supetior to
others”. Although, they did note that teicoplanin was su-
perior to vancomycin. Unfortunately, teicoplanin is not
available in the United States.

Part of the reason that there have been so few chang-

es in our treatment of CDI over the last 30 years may be
due to the lack of development of significant resistance.
Fortunately, a number of recent studies have not revealed
resistance to the main standbys for treatment of CDI:
metronidazole and vancomycin. Aspevall ez a/”" studied
238 isolates of C. difficile collected from 2000 to 2001
and found no evidence of resistance to metronidazole or
vancomycin. Hecht ez a/™ studied 110 strains collected
between 1983 and 2004. All strains were sensitive to
metronidazole at less than or equal to 0.5 pg/mlL. Bour-
gault e al™ looked at 251 isolates collected during the
outbreak in Quebec, Canada, which started in 2003. Of
these, 69% were the B1 epidemic strain, while 11% were
the NAP2 strain by PEFGE. All isolates were sensitive to
metronidazole and vancomycin. There was no increase in
MIC’s compared to historical isolates.

Unfortunately, the same cannot be said for other
antibiotics. Recently, the complete genome of C. difficile
has been sequenced revealing a significant potential for
development of antibiotic resistance™, Significant pos-
tion of the genome (11%) consists of mobile genetic
elements, mainly conjugative transposons, which can be
used to transfer genetic material between bacteria. These
mobile genetic elements are often involved in the trans-
fer of antimicrobial resistance and virulence factors.
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Bourgault ez al® found that for the Bl epidemic strain
the quinolones, macrolides and other commonly used
antibiotics have succumbed to the antibiotic resistance
mechanisms of C. difficile. All strains were resistant to
bacitracin, ciprofloxacin, levofloxacin and clarithromycin,
while 80% were resistant to gatifloxacin, moxifloxacin
and ceftriaxone. All historical NAP1 isolates were resis-
tant to quinolones, suggesting that the epidemic may be
more associated with the increased use of fluoroquino-
lones, as opposed to the recent development of quino-
lone resistance by the epidemic strain. Of note, 69% of
the B1 epidemic strains were sensitive to clindamycin,
while only 11% of the non-epidemic strain strains were
sensitive to clindamycin.

METRONIDAZOLE OR VANCOMYCIN

Having summarized the murky state of the evidence
based treatment of CDI, it would be reasonable to look
at the pros and cons of metronidazole and vancomycin.
The oft-quoted reasons for metronidazole assuming the
status of preferred agent for treating CDI has been the
potential for development of vancomycin-resistant en-
terococci (VRE) and the higher cost of oral vancomycin.
In contrast to this notion, a small study looking specifi-
cally at the issue of developing VRE found no patients

developed VRE while being treated with oral vancomy-
85]

cin!
HCI Pulvules) are extraordinarily expensive, with an
average wholesale price of $31.83 per capsule or $127.32
per day for a dose of 125 mg gid vs $2.19 per day for
generic metronidazole 500 mg #d". Further, retail costs
are much higher. Most hospitals avoid the extraordinary
cost of vancomycin capsules by using the generic intra-
venous formulation and compounding it in water as a
liquid vancomycin solution. One pharmacy, close to our
clinic, sells vancomycin intravenous formulation for $5.85
per 500 mg vial. If this 500 mg of vancomycin powder is
reconstituted in 20 cc of water (often with flavoring to
hide the bitter taste of vancomycin), the cost of vanco-
mycin approaches $1.50 per dose. Stability of the vanco-
mycin solution in the refrigerator (4 degrees C) is at least
75 d and at least 26 d at room temperature (25 degrees O

Despite issues related to fostering VRE and cost, pri-
or comparative studies of metronidazole and vancomy-
cin have not revealed a statistically significant difference
between the two antibiotics™*. In one study, 95% were
cured with metronidazole »s 100% with vancomycin™,
In the second study, the cure rates were identical at 94%
in each group[gq]. However, the number of patients was
small and neither study was stratified by severity of dis-
ease.

Despite similar response rates, there are significant
pharmacologic concerns related to metronidazole, which
tilt the balance in favor of vancomycin. Metronidazole
is rapidly absorbed from the gastrointestinal tract and
excreted through the biliary system, with only about 14%
of the drug excreted in the stool™. Fecal metronidazole

. Unfortunately, vancomycin capsules (Vancocin
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levels have been noted to increase with colonic inflam-
mation, probably from transudation into the lumen, but
these levels decrease as inflammation subsides and are
undetectable upon recovery” ™. More recently, Musher
noted a failure rate of 22% with standard doses of met-
ronidazole”™. This was not due to resistance, as those
strains tested, were all sensitive to metronidazole. Inter-
estingly, in this study there was no difference in outcomes
between those who were continued on metronidazole
despite clinical failure compared to those who were
changed to vancomycin. Musher e7 al™ suggested that
patients with severe disease could have decreased blood
flow to the colon, which would tesult in less transudation
of metronidazole into the lumen and either a slower re-
sponse or clinical failure™. Despite this potential for low
metronidazole levels, 7z vitro the drug has been shown
to be very rapidly bactericidal at 8-times the minimum
inhibitory concentration (MIC), a level which is usually
reached in the colon. This rapid bactericidal effect can be
compatred to vancomycin, which has been shown to be
only inhibitory of bacterial growthm. As opposed to the
poor pharmacokinetics of metronidazole, vancomycin
has near perfect characteristics for a drug used to treat an
infection limited to the lumen of the colon. Vancomy-
cin achieves levels in the colon of about 1000 pg/mL in
stool due to the fact that there is limited or no absorption
from the colon. Al-Nassir ¢z 2/’ have shown that vanco-
mycin is much more effective than metronidazole in re-
moving C. difficile from the stool as measured by C. difficile
density cultures”. By day 5 of treatment, patients treated
with vancomycin were 3.3 times more likely to have un-
detectable C. difficile than metronidazole (P = 0.015). In
this study, 10 of 34 patients were switched from metro-
nidazole to oral vancomycin between days 2 and 10 due
to suboptimal clinical response, of whom 8 of the 10
had less than a one log decrease in C. difficile. Once they
were switched to oral vancomycin, 7 of these 8 patients
had undetectable C. difficile by culture. Freeman e a/”"
confirmed the favorable characteristics of oral vanco-
mycin in a human gut model composed of three vessels
operating in a weir cascade system in an oxygen free ni-
trogen atmosphere. They found that cytotoxin titers were
unaffected by metronidazole, while vancomycin resulted
in a marked decrease in toxin and the C. difficile vegetative
form, leaving only spores which do not produce toxin.
Another issue which may decrease the effectiveness of
metronidazole is inactivation by Enterococcus faecalis,
which has been shown to allow protection of organisms
which would normally be killed by metronidazole””.
There also appears to be a higher failure rate with met-
ronidazole when the physician is forced to continue the
offending antibiotics, which is often the case. In one se-
ries, all patients who could have the offending antibiotic
discontinued had resolution of diarrhea by 14 d when
treated with metronidazole”™. However, 41% of the pa-
tients who had antibiotics continued failed to have symp-
tomatic resolution of diarrhea by day 14 (P = 0.02).
Because rifampin has been shown to have markedly
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superior 7 vitro activity in comparison with other antimi-
crobials against C. dzjﬁﬂ/ﬁm combination therapy has been
studied as a means to improve outcomes with metronida-
zole therapy. Lagrotteria ez al"™ conducted a prospective,
randomized, single-blind study of metronidazole alone
vs metronidazole plus rifampin[mm. There was a similar
time to improvement, similar proportion of relapses, but
significantly more deaths in the combination group as
compared to metronidazole alone (32% »s 5%, P = 0.04).
The authors concluded: “there is no role for rifampin as
an adjunct to treatment with metronidazole.”

TREATMENT DECISIONS BASED UPON
STRATIFICATION BY DISEASE SEVERITY

A concern with all of the preceding comparative studies

of vancomycin with metronidazole has been that there
was no stratification by disease severity. One of the most
important recent advances in the treatment of CDI has
been the development of scoring systems, which allow
the physician to determine which patients are at high-
est risk for severe CDI. The development of scoring
systems was started by Pepin ez al™who developed local
recommendations, because of the overwhelming epi-
demic in Quebec caused by the new epidemic B1 strain.
In January of 2004, they developed local recommenda-
tions for the use of oral vancomycin: a WBC greater
than 20000 cells/rnrn3 and a serum creatinine greater
than or equal to 200 pumol /L. This recommendation was
based upon a reduction of complicated CDI by 79% if
vancomycin was the initial treatment compared to met-
ronidazole!".

Zar e al'™ conducted the first randomized, double-
blind, placebo controlled trial comparing metronidazole
and vancomycin in the treatment of CDI that stratified
patients at study entry based upon severity of disease.
The authors developed a scoring system giving 1 point
each for the presence of age greater than 60 years, tem-
perature greater than 38.3 degrees centigrade, albumin
less than 2.5 mg per deciliter, or a WBC count greater
than 15000 cells per mm’. They also gave 2 points for
endoscopic evidence of pseudomembranous colitis or
treatment in an intensive care unit setting. Mild disease
was defined as 0 or 1 points and severe CDI was defined
as greater than or equal to 2 points. Clinical cure was
noted in 90% of those with mild CDI randomized to
metronidazole and 90% of those randomized to vanco-
mycin. For those with severe CDI, clinical cure was noted
in 76% who treceived metronidazole »s 97% who received
vancomycin (P = 0.02). Recurrences were similar for
both groups at 15% and 14% for the metronidazole and
vancomycin groups, respectively. The authors concluded
that metronidazole and vancomycin are equally effective
for the treatment of mild CDI; however, vancomycin is
superior for treating patients with severe CDI. Critiques
of the Zar ef al'™ article were that one of the criteria for
failure was persistent toxin positivity at day 6 and 10 of
therapy. In addition, there was exclusion of 8 patients
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Table 3 Comparative average wholesale price for antibiotics used in the treatment of Clostridium difficile infection

Antibiotic Cost per dose' Usual regimen Cost per treatment'
Metronidazole $0.73

Vancomycin capsules (Vancocin HCL pulvules) $31.83 125 mg 4 times/d x 10 d $1273.20
Vancomycin intravenous formulation (generic) $5.00/ g ($0.62 per 125 mg dose) 125 mg 4 times/d x 10 d $25.00
Fidaxomicin (Dificid) $168.00 200 mg 2 times/d x 10 d $3360.00
Rifaximin (Xifaxan) $19.02 400 mg 400 mg 3 times/d x 20 d* $1141.20

!Average Wholesale Price (AWP); Anon, edition. Red Book online. *Dose as a “chaser” after a course of oral vancomycin for recurrent CDI"". Via Drugdex
System (internet database) Greenwood Village, CO: Thompson Healthcare, 2011*". CDI: Clostridium difficile infection.

with early death""”. When the 2 patients who were judged
as having failed therapy solely on the basis of persistent
toxin positivity and the 8 early deaths were included,
vancomycin was still superior to metronidazole for those
with severe disease with a 90% cure rate for vancomycin
s 71% for metronidazole (P = 0.04).

The 2010 IDSA guidelines recommend oral metroni-
dazole for CDI with a WBC 15000 cells/mm’ and < 50%
increase in serum Cr from baseline. The guidelines define
severe disease as CDI with 2 WBC 15000 cells/mm’ or
a 50% increase of serum Cr from baseline. For severe
CDI, they recommend starting therapy with oral vanco-
mycin 125 mg gid”". Most recently, the ACG has updated
its practice guidelines to include summary recommenda-
tions based on CDI severity". Mild-to-moderate disease
is defined as diarrhea plus any additional signs or symp-
toms not meeting severe or complicated criteria. Notably,
the ACG classification for severe disease has been rede-
fined from the IDSA guidelines to use only three crite-
ria: a serum albumin < 3 g/dL plus one of either WBC
15000 cells/mm’ or abdominal tenderness. The choice
to limit the guidelines to these three criteria was based
on a prospective observational study by Fujitani e# a/"""
which found that the only independent risk factors for
severe CDI were abdominal distention, fever, WBC >
20000 cells/mm’, and serum albumin < 3 mg/dL. The
ACG guidelines recommend the same initial treatments
of metronidazole 500 mg orally three times daily for 10
d for mild-to-moderate disease and vancomycin 125 mg
orally four times daily for severe disease.

NEWER ANTIBIOTICS FOR CDI

Rifaximin

Rifaximin (Xifaxan, Salix Pharmaceuticals, Inc. Raleigh,
NC) is a broad spectrum, non-absorbable antibiotic used
for the treatment and prevention of traveler’s diarrhea.
The drug is not inactivated by gastric fluids and is also
pootly absorbed, thereby largely excreted unchanged in
the feces reaching concentrations up to 8000 g/gm of
stool after 3 d of therapy"”. Rifaximin treatment has
demonstrated survival rates in animal models equivalent
to vancomycin. Rubin e a/'" conducted an open label
pilot study to assess the efficacy of rifaximin as an initial
treatment option in patients without recurrent CDI. Of
the 8 patients who completed the 10-d course of rifaxi-
min 400 mg three times daily, 7 (88%) had symptom
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resolution with 10 d of rifaximin treatment with no re-
lapse within 2 wk. Additionally, Boero ez a/""” compared
the efficacy of rifaximin 200 mg #d and vancomycin in a
study of 20 patients. Response rates were 90% and 100%
for rifaximin and vancomycin, respectively. One concern
about rifaximin is the potential for resistance, especially
given the lack of sensitivity testing outside of a research
laboratory. A study of rifaximin susceptibility of 80
different C. difficile isolates found resistance among 14
isolates, of which 64% were the epidemic B1 strain"".
At this point, it is difficult to ascertain the clinical impact
of these findings, especially given the extremely high fe-
cal concentrations achieved with rifaximin. While these
small studies suggest a potential application for rifaximin
for the initial treatment of CDI, more attention has
been placed on a rifaximin “chaser” in the treatment or
prevention of recurrent CDI (see section on Recurrent

CDI) (Table 3).

Nitazoxanide

Nitazoxanide (Alinia, Romark Laboratories, Tampa,
Florida) is a broad-spectrum antiparasitic agent cur-
rently approved for the treatment of giardiasis and
cryptosporidiosis'”. Nitazoxanide is highly active i vitro
against C. djfficile. Studies have shown that two-thirds of
the drug is excreted in the stool as an active metabolite
with activity against C. difficile comparable to the parent
compound"”. Nitazoxanide has been shown to prevent
colitis in the hamster model""". Further, nitazoxanide
has been shown to very active against a panel of 127
C. difficile isolates from the United Kingdom’s C. difficile
Ribotyping Network at an MIC range of 0.03-0.5 mg/
L' A recent prospective, randomized, double blind
study by Musher ¢ a/'"” compared metronidazole 250
mg gid for 10 d to nitazoxanide 500 mg bid for 7 or 10
d" After 7 d of treatment, the metronidazole response
was 82% compared to 90% for nitazoxanide. At 31 d
after starting treatment, a sustained response was noted
for 58% of patients treated with metronidazole »s 66%
for the 7-d course of nitazoxanide and 74% for the 10-d
course (P = 0.34). Musher ¢ a/''" also reported the use
of nitazoxanide in 35 patients that failed to respond to
metronidazole after 14 d of therapy or who had prompt
recurrence on at least two occasions after an initial re-
sponse. They noted that 74% of patients responded,
however, 7 of the 26 recurred, leaving an overall cure
rate of 54%.
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Most recently, Musher e/ /' completed a random-
ized, double-blind study of nitazoxanide »s vancomycin.
After 10 d of treatment, resolution of CDI occurred in
20 of 27 vancomycin patients (74%) and 17 of 22 ni-
tazoxanide patients (77%). For those completing therapy,
both treatments had similar times to resolution with
response rates of 87% for vancomycin and 94% for ni-
tazoxanide. Subsequently, 2 vancomycin patients and 1 ni-
tazoxanide patients relapsed, leaving a sustained response
rate of 78% for vancomycin and 89% for nitazoxanide.
The authors noted that, while the small sample size may
not have the power to prove noninferiority s vancomy-
cin, as the first randomized control trial their results sug-
gest nitazoxanide may be equally effective.

Fidaxomicin

Fidaxomicin (Dificid®, Optimer Pharmaceuticals, San
Diego, CA) is a macrocyclic antibiotic with a narrow
spectrum of activity against gram-positive cocci. Fidaxo-
micin has been 100% protective in a hamster model of
CcDI"M, Importantly, fidaxomicin has been shown to
have a comparable safety profile to vancomycin'"| have
undetectable serum levels while achieving high fecal
concentrations, averaging greater than 10000 times the
MIC for C. dz)j%z'/ems], a bactericidal mechanism of ac-
tion""] preserve the intestinal microbiome (by spating
of Bacteroides sp.), reduce both toxin reexpression and
CDI recurrence™”, and reducing the acquisition of VRE
and Candida species during CDI treatment'>"'*?,

Much of the attention centered on fidaxomicin has
been based on findings from two prospective, multi-
center, double-blind, randomized Phase III trials dem-
onstrating non-inferiority to vancomycin. The first trial
(003 in the United States and Canada) of 629 patients
randomized to receive either fidaxomicin 200 mg twice
daily (with intervening placebo) (# = 302) or vancomycin
125 mg four times daily (» = 327), revealed no significant
difference in the clinical cure rates: 88.2% for fidaxomi-
cin and 85.8% for vancomycin'*!. Another interesting
observation that arose from the 003 trial was that overall
recurrence rates, as defined by the reappearance of more
than three diarrheal stools per 24-h period within 4 wk
after cessation of therapy, were lower in the fidaxomicin
group at 15.4% compared to 25.3% in the vancomycin
group (P = 0.005). However, recurrence rates with the
epidemic B1 strain were similar between fidaxomicin
and vancomycin with 24.4% and 23.6% recurrences, re-
spectively. The second Phase III trial (004 conducted at
45 sites in Europe and 41 sites in the United States and
Canada) also found fidaxomicin to be non-inferior with
cure rates of 91.7% s 90.6% for vancomycin (one sided
95%CI: -4.3)!"*",

Most recently, a post-hoc intent to treat meta-analysis
was petformed on the results of the combined 003/004
Phase I trials. Of the 1164 patients included, fidaxomi-
cin when compared to vancomycin was associated with a
40% reduction in persistent diarrhea, recurrence, or death
through day 40 (95%CI: 26%-51%; P < 0.0001)""*. Sub-
group analysis limited to the epidemic B1 strain, revealed
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a 22% non-significant reduction in persistent/recurrent
diarrhea (95%CI: 44% reduction to 8% increase, P =
0.14). The authors point out that with only 292 of 814
strains testing positive for B1, the results from this analy-
sis are too underpowered to conclude fidaxomicin lacks
beneficial effect for the B1 strain.

One important aspect of fidaxomicin remains, cost.
At $168 per 200 mg tablet, a twice-daily 10-d treatment
course costs $3360 for a 10 d course™, The pharmaceu-
tical company selling this medication has recently devel-
oped several strategies to help reduce the patient cost if
the medication is needed.

COMPLICATED CDI

Complicated CDI is defined in the 2010 IDSA guidelines
as severe CDI plus intensive care unit (ICU) admission,
need for colectomy, ileus, toxic megacolon, hypoten-
sion or colonic perforationm. The 2013 ACG guidelines
define severe complicated CDI as any of the following:
admission to the ICU, hypotension with or without the
need for pressors, fevers > 38.5 C, ileus or significant
abdominal distension, mental status changes, WBC =
35000 cells/mm’ or < 2000 cells/mm’, serum lactate >
2.2 mmol/L, or end organ failure".

For severe complicated CDI, the IDSA guidelines
recommend high dose oral vancomycin 500 mg gzd (by

nasogastric tube, if necessaty) and/or metronidazole
500-750 mg q8h intravenously. Metronidazole and van-
comycin combination has been shown to be synergistic
in vitro for 68% of C. difficile isolates™. Apparently, the
increased dose of vancomycin for complicated CDI is
related to a delay in attaining adequate fecal levels with
125 mg »s a higher dose when given orally"*. For com-
plete ileus, metronidazole intravenously plus vancomycin
administered by retention enema is recommended. The
critical point is that the vancomycin, needs to be retained
and distributed in the colon to be effective. Specific or-
ders should detail the administration lest the vancomycin
be administered as a plain enema, providing no benefit
for the patient and creating a hazard for nursing staff.
The vancomycin should be administered using a # 18
French Foley catheter with a 30 mL balloon. The Foley
catheter should be inserted into the rectum, the balloon
inflated and the vancomycin instilled. The catheter is then
clamped; some authors recommend turning the patient
on their right side to assist distribution of the vancomy-
cin solution throughout the colon. After 60 min, the bal-
loon is deflated and the catheter is removed!”". Because
there have been no controlled trials of vancomycin by
intracolonic installation, the optimal dose and interval
are unclear. Apisarnthanarak ¢z a/'* reported a descrip-
tive case seties of nine consecutive patients treated with
intracolonic vancomycin as adjunctive therapy for severe
CDI. Eight of nine patients had failed five to 7 d of stan-
dard therapy for CDI and had evidence of a severe ileus
with resultant cessation of diarrhea. Further evidence of
the severity of the colitis was suggested by the fact that
six of the nine patients were hypotensive at the time CDI
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was diagnosed. They administered intracolonic vanco-
mycin 0.5-1.0 g in one to two liters of normal saline as a
retention enema. Because this was a retrospective collec-
tion of cases, the dosing interval and duration of therapy
were variable. Two patients received intra-colonic vanco-
mycin at 4 h intervals, two at 6 h, two at 8 h and three at
12 h. The authors noted complete resolution of colitis
in eight of nine patients with no relapses and no surgical
interventions. As a note of caution, four patients were
colonized with VRE prior to the intracolonic vancomycin
and two of these 4 developed VRE bacteremia. However,
none of five patients who were not colonized with VRE
before therapy developed subsequent colonization.

The 2013 ACG guidelines offer slight changes in
recommend therapy for severe and complicated co1™
Initial therapy for severe and complicated CDI without
any significant abdominal distention is vancomycin orally
125 mg gid plus intravenous metronidazole 500 mg #d.
For severe and complicated CDI with ileus, toxic colitis,
or significant abdominal distention, the recommended
therapy is vancomycin delivered both orally 500 mg #d
and per rectum 500 mg in volume of 500 mL gid plus
intravenous metronidazole 500 mg #d. Of note, the
author’s discuss the potential for development of electro-
lyte imbalances with the use of saline for delivery of the
vancomycin enema, in particular hyperchloremia. In such
a situation, the authors propose the use of Ringer’s Lac-
tate, which contains a lower concentration of chloride".

Tigecycline is a broad-spectrum glycyleycline antibiot-
ic with reportedly low MIC values against C. difficile, along
with evidence that it does not promote growth or toxin
production in both a mouse and human model®>"*",
To date no clinical trials have been performed on the use
of tigecycline; however, several case reports have report-
ed the successful use of IV tigecycline in severe or severe
complicated CDI in which patients failed prior treatment
with metronidazole and Vancornycinm”. There has also
been a case report noting the successful treatment of
severe refractory CDI using a combination of tigecycline
(50 mg IV every 12 h for 10 d) and rifaximin (400 mg
twice daily for 17 d)!"*?.

SURGICAL INTERVENTION

Failure to respond to maximal medical management,

including unrelenting sepsis, cecal dilatation greater
than 10 cm and bowel perforation have been consid-
ered indications for surgical intervention. In large series,
0.4%-3.6% of patients have required surgery, with an
overall mortality of 30%-80%"""". Series of severe
CDI repeatedly emphasize how difficult the diagnosis
may be. In a report of 14 patients requiring surgical
intervention, only 50% had a preoperative diagnosis of
CDI, because they required laparotomy before results
of C. difficile testing became available!™. Of note, the
survival was better (86% »s 33%) in those with a preop-
erative diagnosis of CDI, which may have been due to
the surgeon being more aware of the need for a total
colectomy. Longo e7 al” noted some of the difficulties
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in the diagnosis of severe CDI in a series of 67 patients
who required colectomy; 37% of the patients had no
history of diarrhea, 45% presented in shock and 64%
presented as an acute surgical abdomen"”". Dallal ef a/'”
in a review of 64 patients who required a colectomy or
died directly from CDI noted that 20% of the patients
presented without diarrhea due to ileus. Of note, in
this study 35% of diagnoses of severe CDI were found
only at autopsy and the author suggested that a signifi-
cant number of ICU deaths from “sepsis” may actually
be CDI. Overall, 13% were C. difficile EIA toxin assay
negative. Longo et al”" found false-negative C. difficile
cytotoxin assay in 18% of CDI severe enough to require
colectomy!”. Better diagnostic accuracy for severe CDI
has been reported for the abdominal CT (89%-100%
positive) and colonoscopy (100% positive)m’m’lm. Of
note, intravenous and oral contract were not required for
a correct diagnosis with CT of the abdomen. Flexible
sigmoidoscopy was falsely negative in 25% (2 of 8), one
due to poor prep and one due to right sided colitis"".

Lamontagne conducted a retrospective review of
165 cases of CDI which required ICU admission during
the epidemic in Quebec between January 2003 to June
2005, Of note, 24% of these ICU admissions resulted
from relapse of previously diagnosed CDI, confirming
how serious relapses can be. Predictors of 30 d mortality
included a WBC of greater than 50000, age greater than
75-year-old, requirement for vasopressors and immuno-
suppression. Thirty eight patients underwent colecto-
mies, 15 because of shock despite vasopressors, 11 with
toxic megacolon, 10 with a lack of response to medical
therapy and 2 because of perforation. The authors noted
a significant decrease in mortality in those who had a col-
ectomy #s5 those who were treated medically, with an ad-
justed odds ratio of 0.22, suggesting a 78% reduction in
mortality. The major surgical benefit was found in those
patients greater than 65 years of age who were immuno-
competent with a WBC greater than 20000 and a lactate
between 2.2 and 4.9 mm per liter. No surgical benefit was
found in those with a white blood cell count less than
20000, less than 65 years of age and those with a normal
lactate.

Recent surgical series have revealed conflicting data
on which surgical procedure is preferred. Koss ez al™
presented a retrospective review of 14 patients who re-
quired surgery. The indications were systemic toxicity (#
= 10), progressive toxic colonic dilatation (# = 4), and
one with both colonic dilation and bowel perforation.
Opverall, mortality was 36%. Of those who underwent a
total colectomy, mortality was 11% compared to 100%
mortality in those whose surgical procedure was limited
to a left hemicolectomy. Of note, at the time of surgery
the exterior surface of the colon frequently was noted
to be unremarkable, but all were distended and edema-
tous. Longo ez a/™”” conducted a population based study
from all 159 Department of Veterans Affairs Hospitals
of patients who required colectomy for fulminant CDI
between 1997 and 2001. For the 67 patients, the postop-
erative 30 d mortality was 48%. Of those who underwent
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segmental colectomy, the mortality was 14%, while the
mortality was 57% for those who underwent total colec-
tomy (80% of the cases). At surgery, 58% of the patients
were noted to have perforation or colonic infarction. As
opposed to the Koss study, 12 of 14 patients who un-
derwent hemicolectomy survived, probably because the
colitis was restricted to the involved segment. A study
by Dallal e a/'" confirms the possibility of segmental
colectomy. This study was a retrospective review of 64
patients who died or underwent colectomy for patho-
logically proven CDI drawn from 2334 hospitalized pa-
tients with CDI, who were hospitalized between January
1989 and December 2000. There were 44 patients who
required surgical intervention. Of those undergoing a
right hemicolectomy, 100% survived. This was a select
subgroup of 4 patients, all of whom had intraoperative
colonoscopy confirming the fact that the colitis was re-
stricted to the right hemicolon. Overall, in this study 89%
of patients underwent a total colectomy, with a mortality
of 63%. Most predictive of perioperative mortality was
vasopressor requirement preoperatively, which increased
postoperative mortality by four-fold. The authors sug-
gested that hypotension requiring vasopressors may be
too late a point for successful intervention. They noted
that a white blood cell count greater than 30000 with
a left shift almost always preceded the onset of shock
and may be used as an early indicator of fulminant CDI,
which may require surgical intervention.

Most recently, Neal ¢z 2/ have studied an alterna-
tive to total colectomy advocating a diverting loop ileos-
tomy with colonic lavage. They studied 42 patients with
severe, complicated CDI. Their surgical approach was
creation of a laparoscopic loop ileostomy followed by
intraoperative colonic lavage with a warmed polyethylene
glycol/electrolyte solution thru the ileostomy. They also
performed postoperative antegrade instillation of vanco-
mycin solution through the ileostomy. Compared to well
matched historical controls mortality was reduced from
50% to 19%. Delayed reversal of the ileostomy, after
recovery from the acute episode, resulted in preservation
of the colon in 93% of cases. Based on these improved
outcomes, they suggested that all patients with severe
CDI should be considered for surgical management.

The 2013 ACG guidelines also defined signs and
symptoms in complicated CDI which warrant surgical
consultation, including: hypotension requiring vasopres-
sor therapy, clinical signs of sepsis and organ dysfunc-
tion, mental status changes, WBC 50000 cells/mm’,
lactates 5 mmol/L, or complicated CDI with failure to
improve on medical therapy after 5 d™. The suggested
operative management is subtotal colectomy and end-
leostomy, which has been associated with reduced mor-
tality in fulminant CDI"",

RECURRENT CDI

Recurrence of CDI after initial successful treatment has

been a significant problem. On average, recurrence can
be expected in 20%-30% of cases. Once there has been
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an initial recurrence, relapse may occur in up to 65%
of patientsm”. Risk factors associated with recurrence
include older age (greater than 65), longer hospital stays
(greater than 16 d), the presence of comorbidities and
another course of antibiotics"*'*’. The new epidemic
strain has been associated with an even higher rate of
recurrence; rates may be as high as 47%". Some au-
thors have postulated that recurrence may be related
to inability to mount an adequate antibody response as
manifested by low IgG directed against toxin AP,

The severity of recurrent episodes of CDI should
not be underestimated. Pépin ez al"™ reviewed the out-
comes of a first recurrence of CDI with the epidemic
strain during the Quebec outbreak*. They noted that
11% of patients with a first recurrence had at least one
severe complication of CDI, including shock, colectomy,
megacolon, perforation or death within 30 d. Compli-
cated recurrent CDI was strongly associated with three
factors: older age, elevated white blood cell count and
renal failure. For those patients greater than 65 years of
age, 13% developed recurrent CDI that was severe s 7.5%
for those 18-64 years of age. Subgroup analysis revealed
recurrent CDI with a white blood cell count > 20000
was associated with a 38.9% incidence of complicated
CDI »s only 10.6% when the white blood cell count was
10000-19000"*". The long term negative impact of CDI
was also explored by Musher e/ al"™ who reviewed out-
comes for 103 patients who were considered to be cured
without recurrence at 90 d after completion of therapy.
They found that 22% of these patients developed recur-
rent diarrheal disease more than 90 d after the initial epi-
sode, 83% of whom were toxin positive.

Clinical approach to recurrent CDI

Most authors have recommended, repeating a course
of the antibiotic used in the initial treatment, usually
metronidazole, as the first step in the treatment of a
recurrence. This sentiment is backed by the 2013 ACG
guidelinesm. For additional recurrences, a combina-
tion of a prolonged taper of the antibiotic with oral
vancomycin, followed by pulsed dosing is often used.
The original reports of tapered dosing utilized oral van-
comycin as the preferred drug, since levels in stool are
high, over 1000-fold higher than the level needed to in-
hibit C. difficite and do not decrease as diarrhea resolves' .
Early suggested courses were vancomycin 125 mg gid for
7 d, tapering to 125 mg bid for 7 d, then daily for 7 d"*".
After the taper has been completed, pulsed dosing can
begin. The pulsed dosing of vancomycin is thought to
allow time for germination of residual spores during
the days off antibiotics, with killing of the vegetative
form when the antibiotic is given again. Although there
is no standard well studied pulsing regimen, one sugges-
tion has been to give vancomycin 250 mg every 2 or 3
d for 3 wk'"*. Bartlett has noted that he always utilizes
a 6 wk course as this is the approximate time for return
of normal flora"*. More recently, some authors have
recommended continued lengthening of the pulsing
interval until the vancomycin is given only once every
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10 d"™. Rare patients may require chronic pulsed dosing
every 3-4 d, relapsing each time they try to lengthen the
interval or discontinue the vancomycin. The 2013 ACG
guidelines recommend a simplified pulsed dosing only
regimen with vancomycin 125 mg orally every 3 d for 10
doses without tapering of the vancomycin (Conditional
recommendation, low-quality evidence). For patients
with more than 3 recurrences, the ACG guidelines now
suggest considering fecal microbiota transplant (FMT) o,

A new approach to relapsing CDI using a rifaximin
“chaser” has been described. Johnson ez a/”" conducted
an empirical trial of a 14-d course of rifaximin following
a variety of different treatments, mainly using vanco-
mycin, for the treatment of recurrent CDI. The authors
studied eight women from their clinical practices, who
had suffered from 4-8 episodes of CDI. The patients
ranged in age from 43-88 years of age, with six of the
eight being greater than 65 years old. The onset of recur-
rences varied from 1-59 d (mean of 10.5 d) after comple-
tion of treatment for CDI. For five of the patients, re-
currences were as eatly as 1 d after treatment ended. The
patients had been treated with 79-372 d with a variety of
different treatments including metronidazole, vancomy-
cin tapered and/or pulsed, probiotics and vancomycin
plus rifaximin. Rifaximin was used as a “chaser” when
the patients were asymptomatic, immediately at the end
of the vancomycin treatment. Six of the patients received
400 mg bid for 14 d. Rifaximin was well tolerated without
side effects. Seven of the eight patients had no further
recurrence, with follow up that varied from 51-431 d.
The one patient who was noted to have a recurrence was
immediately retreated while symptomatic (the only devia-
tion from their basic protocol) for 14 d. This patient was
noted to develop resistance to rifaximin. More recently,
a randomized, double-blind, placebo controlled trial was
conducted on the efficacy of the rifaximin “chasetr”. Pa-
tients completing a standard antibiotic regimen for CDI
were assigned to receive either placebo or 400 rifaximin
mg 3 times daily for 20 d. Recurrent diarrhea occurred in
49% of placebo patients and 21% of rifaximin patients
(P = 0.018). Actual CDI recurrence rates, as assessed by
positive toxin assay, were 31% (11 of 35) in the placebo
group and 15% (5 of 33) in the rifaximin group (P =
0.11)". Although the difference between rifaximin and
placebo was not significant, the study was underpowered
to exclude a statistically significant difference.

Rifaximin as a stand-alone treatment for recurrent
CDI has also been a focus of interest. A retrospective
study examining 32 patients with recurrent CDI who
had undergone an average of 4.4 antimicrobial treatment
courses for CDI, found treatment with 400 mg twice-dai-
ly rifaximin for 14 d was successful in preventing relapse
in 53% (17 of 32) of cases"™. Interestingly, the authors
empirically noted the success of rifaximin treatment ap-
peared to be related to the MIC of the particular isolate,
and that B1 isolates (30% in the study) had the highest
MICs among those tested. There was, however, no sta-
tistically significant difference (P = 0.11) in relapse rates
among those with the B1 strain, 42% (8 of 19) compared
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to 53% overall. Among the proposed mechanisms for
this increased efficacy in treatment and prevention of re-
current CDI are rifaximin’s anti-inflammatory properties;
rifaximin has been shown to induce epithelial cell changes
that alter bacterial attachment and internalization, while
also reducing the release of inflammatory cytokines“sﬂ.
Lastly, with the increasing prevalence of the B1 strain,
clinicians should be aware of the potential for rifaximin
resistance given the lack of commercial testing avail-
ability. At this point, however, it is difficult to ascertain
the clinical impact of these findings, in particular when
rifaximin has been noted to achieve such high fecal con-
centrations. The most recent consensus from the ACG
notes that there is no convincing evidence at this point in
time for the use of rifampin or rifaximin in the treatment

of recurrent CDI"",

Fecal Transplantation

Rapidly emerging onto the scene, FMT represents the
most promising candidate among non-antibiotic treat-
ment options for patients suffering from multiple relaps-
es ot recurrences. Borody ¢ a/'™ in an article subtitled
“Toying with Human Motions”, reviewed the use of the
ultimate natural probiotic, transplanted human stool.
Although noted to be “aesthetically unpleasing”, the use
of stool transplant from one individual, usually a close
relative, to the patient with relapsing CDI has had a high
success rate. They reviewed the published literature of
the use of fecal transplantation in 84 patients, noting a
rapid response without recurrence in 86%. The authors
also reviewed the use of stool transplantation for inflam-
matory bowel disease and irritable bowel syndrome and
provide a detailed method for donor screening, prepara-
tion and administration.

Since then, the potential impact of FMT in the treat-
ment of recurrent CDI has been more clearly elucidated
and now represents a focal point of ongoing research.
A systematic review of published studies between
2000-2011 identified 124 patients in seven studies with
recurrent or refractory CDI who underwent FMT!",
Among these patients, 83% reported immediate improve-
ment following the procedure and further remained
diarrhea free for months to years. The results from early
studies all varied in protocol for pre-transplant antibiotic
use, methods of delivery, amount of material delivered,
long-term follow up, and none were controlled trials.
Nonetheless, this systematic review of the eatly studies
highlights the potential impact of fecal transplant for the
treatment of recurrent or refractory CDI.

Brandt e o/ in a multicenter long-term follow up
study of 77 patients undergoing colonic FMT for recur-
rent CDI monitored both primary and secondary cure
rates for individuals undergoing the procedure. A primary
cure was defined as resolution of symptoms without
recurrence within 90 d of treatment, while a secondary
cure was resolution of symptoms with one further course
of vancomycin. Follow up revealed a primary cure rate
of 91% and a secondary cure rate of 98%. Of interest,
the study addressed, through patient surveys, one of the
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major drawbacks to FMT: the fact that the procedure is
inherently aesthetically unpleasing. The survey results of
these 77 patients revealed that 97% of patients would un-
dergo another FMT for a CDI recurrence and that 53%
of the patients would choose FMT as their first treat-
ment option. This represents a promising finding that the
unappealing nature of FMT may eventually be overcome
by the predictable efficacy of FMT for patients facing the
debilitating consequences of multiple CDI recurrences.
One of the most pressing question that has not been ful-
ly elucidated about FMT remains, how does it compate
with other treatment options? While no double-blind
randomized controlled trials have been completed to this
date, new evidence has emerged from an interim analy-
sis of an open-label, randomized, controlled trial in the
Netherlands"™. This study of recurrent CDI infection
assigned patients to receive one of three treatments: ini-
tial vancomycin regimen (500 mg four times daily for 4 d)
followed by bowel lavage and subsequent nasoduodenal
infusion of donor feces, standard vancomycin regimen
(500 mg four times daily for 14 d) with bowel lavage,
or standard vancomycin regimen alone. With a primary
endpoint measured as cure without relapse within 10 wk,
the overall cure rate with FMT was 94% (15 of 16). Of
these 16, 13 achieved cure on their initial treatment, with
2 more achieving cure after treatment with a different
donor stool. This was compared to 31% (4 of 13) in the
vancomycin alone group and 23% (3 of 13) in the van-
comycin and lavage group. Lastly, post-FFMT analysis of
patient feces showed increased bacterial diversity, similar
to that of the healthy donors.

Overall, the current literature suggests a promising
future for the application of FMT in the treatment of
recurrent CDI, however, some issue still remain, namely,
the lack of a consensus protocol and viable sources of
the donor feces. The majority of early FMT procedures
utilized donor feces from spouses, intimate partners, or
close family members, while potentially safer, also pos-
sesses many practical challenges in gathering the sample
and administration. New evidence suggests that there
may be equally efficacious alternatives to these close fam-
ily donors. Between 2004-2010, a group of 32 patients
with relapsing CDI at the Stockholm South General Hos-
pital underwent FMT by either enema or colonoscopy
using a fecal transplant suspension reconstituted from
a single donor specimen obtained in 199417, Among
the patients, 69% (22 of 32) had a durable cure. These
findings suggest that, in the future, it may be possible
to establish a donor bank of prescreened individuals or
specimens, thereby improving the ease, efficiency and
safety of the process. Perhaps even more promising are
results from a proof-of-principle study demonstrating
that a stool substitute was capable of curing an antibiotic-
resistant hypervirulent strain of C. difficile, ribotype 078.
Researchers in this “RePOOPulating” study extensively
cultured a stool sample from a 41-year-old healthy female
donor to make a synthetic sample consisting of 33 differ-
ent purified isolates, which was then used to treat 2 pa-
tients who had failed traditional therapymm. Both patients
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returned to normal bowel patterns within 2-3 d and re-
mained symptom free at 6 mo. The authors of the study
highlight numerous potential benefits of synthetic stool
over donor stool including, the ability to control and alter
the exact bacterial composition, the ability to replicate the
procedure with an identical specimen, increased stability
of donor stool sample, improved safety from knowledge
of the exact sample composition, and the ability to adjust
the sample for antimicrobial sensitivity.

A systematic review and meta-analysis by Kassam ez a/'*"
provides new insight into vatiation between methods of
FMT delivery and from donor type. This review of 11 stud-
ies including 273 CDI patients treated with FMT, performed
a subgroup analysis comparing lower gastrointestinal deliv-
ery with upper gastrointestinal delivery. Lower gastro-
intestinal delivery (colonoscopy or enema) had clinical
resolution rates of 91.4% (203/222) compared to upper
gastrointestinal delivery (nasogastric/nasojejunal tube
and gastroscopy) resolution rates of 82.3% (42/51). Fur-
ther comparison between anonymous »s patient selected
donors did not reveal a significant difference in clinical
outcomes regardless of the follow-up time.

In April 2013, the United States FDA determined
that FMT is a biologic product and drug that is regulated
by the FDA. The FDA ruled that an investigational new
drug (IND) application, a cumbersome and time con-
suming process, was needed for the use of FMT for any
indication. In response to vocal and unified opposition
by the gastrointestinal specialty societies, the FDA rapidly
reversed this requirement and provided that the “treat-
ing physician obtains adequate informed consent from
the patient or his or her legally authorized representative
for the use of FMT products. Informed consent should
include at a minimum, a statement that the use of FMT
products to treat C. djfficile is investigational and a discus-
sion of its potential risks”!'%,

In conclusion, as more evidence continues to be-
come available, fecal transplantation is becoming an
increasingly viable option for the treatment of recurrent
or relapsing CDI, in particular given the recent recom-
mendation for FMT to treat 3 CDI recurrences in the
2013 ACG guidelines"!. While there remains no optimal
protocol for administration or consensus on the ideal
source of the transplant sample, future studies, includ-
ing an NIH-funded blinded RCT and the pending FDA
IND process, may provide valuable insight for these
questions.

ADJUNCTIVE THERAPY: INTRAVENOUS
IMMUNOGLOBULIN AND ANIONIC
BINDING RESINS

There has been significant interest in the use of intrave-

nous immunoglobulin IVIG) to treat severe refractory
and recurrent CDI. This interest is based upon the fact
that development of C. difficile antitoxin antibody has
been associated with protection from the development
of CDI after colonization with C. difficile®™'*”. Small se-
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ries and case reports have suggested a possible response
to IVIG"™*'” Of note, all immunoglobulin lots tested
contained IgG against toxins A and B and were capable
of neutralizing cytotoxicity in one series!"!. However,
with the cost of IVIG approaching $10000 for an indi-
vidual treatment course, proof of efficacy is important.
McPherson conducted a retrospective review of 14 pa-
tients with either severe, refractory or recurrent CDI'",
They used an IVIG dose of 150-400 mg/kg. Nine of
these 14 patients responded in a median of 10 d, a rela-
tively slow response, and 3 of these 9 patients had recur-
rent CDI after initial resolution. The most instructive
study on the use of IVIG for severe CDI was conducted
by Juang et al* at the University of Pittsburgh Medical
Center. Because of the severity of CDI at their institu-
tion, a committee developed eligibility criteria for IVIG
which was then used in a prospective manner to choose
patients eligible for IVIG. Eighteen patients received
IVIG at a dose of 200-300 mg/kg and these patients
were pair matched by propensity scoring with other pa-
tients with severe CDI. There was no difference in mor-
tality (3 patients in each group), colectomy (3 patients in
each group) or length of stay. Although this study is not
definitive, the results do not support the use of IVIG
for severe CDI. The 2013 ACG guidelines addressed
the use of IVIG in the treatment of recurrent CDI, and
concluded that it does not have a role as sole therapy;
howevet, they noted that it may my helpful in patients
with hypogammaglobulinemia. This recommendation is
based on the predisposition for CDI in patients follow-
ing solid organ transplantation.

Anion binding resins, like cholestyramine and colesti-
pol, have been used to treat CDI. The non-absorbable
resin binds to C. difficile toxin removing 99% of the cy-
totoxic activity"”. However; concerns have been raised
about the use of these toxin-binding agents, because they
also bind to vancomycin'™. Thus, combination therapy
should be used carefully, if at all, with separation of the
anion binding resin and vancomycin by at least 2-3 h.
Other sources have recommended giving the vancomy-
cin either 1 h before or 4-6 h after the cholestyramine
dose!"™",

PREVENTATIVE THERAPY

One of the most important issues related to CDI from
the perspective of the practicing clinician is the ap-
proach to the patient with a known history of C. difficile,
who requires a subsequent course of antibiotics for an
infection such as urinary tract infection or pneumonia
or who cannot stop the antibiotics which induced the
original episode of CDI. The use of metronidazole or
vancomycin in this setting can be referred to as preven-
tative therapy. Unfortunately, there is no data from sys-
tematic studies of the use of preventative therapy. How-
ever, Miller noted that “on the basis of no prospective
evidence but, often, a large body of clinical experience,
some clinicians now start a parallel course of oral met-
ronidazole or vancomycin along with treatment with the
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potentially CDI-inducing antimicrobial, to prevent the
appearance of symptomatic CDI"'". He goes on fur-
ther to note “that despite absence of guidelines for this
approach, there is remarkable homogeneity in the ap-
proaches used by most clinicians, in that clinicians who
practice this prophylactic strategy use oral metronidazole
or vancomycin during the entire course of antimicrobial
therapy and for an additional 7 d after the end of the
administration period”. This preventative approach to C.
difficile seems an intuitively reasonable approach, which
can be utilized pending results of future clinical trials
that would validate its effectiveness.

Probiotics

Probiotics, defined by the World Health Organization
as “live microorganisms which, when administered in
adequate amounts, confer a health benefit on the host,”
have seen a recent surge in interest and use' . Current
estimates for sales of probiotics, as both supplements
and foods, was estimated to be $§770 million in the US
alone for 2012, with worldwide sales at $2.25 billion, a
79% increase since 2010177, Further, recent estimates
have projected worldwide spending on probiotics to
reach $4 billion annually by 2016"". Despite all the
interest and sales of probiotics, their utilization for the
prevention or treatment of CDI remains controversial
and unproven.

Heavy marketing campaigns and choice labeling of
products have helped fuel the dramatic growth of the
probiotics markets. Further helping to shape the con-
sumer image, clinical evidence for the use of probiotics
in the prevention of antibiotic-associated diarrhea (AAD)
appears promising. Systematic reviews and meta-analyses
were completed for the use of probiotics in any AAD. In
one analysis, the pooled results from 63 randomized con-
trol trials revealed a RR of 0.58 (95%CI: 0.50-0.68, P <
0.001) with an number needed to treat (NN'T) of 13",
Among those studies, a subset of 14 were randomized
controlled trials for the prevention of CDI and pooled
analysis revealed a RR of 0.29 (95%CI: 0.17-0.48, P <
0.001) with an NNT of 25. However, it was noted that
poor adherence and limited reporting of the number of
samples tested may have skewed the results. Another me-
ta-analysis of 34 studies including 4138 patients showed
a 0.53 relative risk for the development of antibiotic-
assoclated diarrhea in the probiotics 25 the placebo group
(95%CI: 0.44-0.63), with an NNT of 8", Importantly,
the authors of this study chose to omit any trials involv-
ing the use of probiotics for the prevention or treatment
of CDI.

Although some may wonder why a variant of baker’
s yeast, which is not a part of the normal microflora
of the gut, would be effective in preventing or treating
CDI, there is some theoretical support for the use of
Saccharomyces boulardii, which has been shown to pre-
vent toxin A binding and also to inactivate toxins A and
B by proteolytic digestion"”"™, Further, in the hamster
model, S. boulardii has been shown to be effective in pre-
venting deaths from acute disease™®". Other mechanisms
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by which Saccharomyces may prevent CDI include in-
hibition of C. difficile adhesion, cellular protection from
histologic damage and inhibition of pro-inflammatory
cytokine gene expression“gz’m“. In fact, Czerucka used
the term “immunobiotic” to desctibe . boulardii ™.

The clinical efficacy of S. bonlardii has shown mixed
results in a number of reviews and meta-analyses of
randomized, controlled trials of CDI. Dendukuri ez a'™®
concluded that the “studies conducted to date provide
insufficient evidence for the routine clinical use of probi-
otics to prevent or treat CAD”. Szajewska e¢f al"™ found
a reduction in antibiotic associated diarrhea of 57%, but
no reduction in CDI. Katz in reviewing the use of pro-
biotics for the prevention of CDI developed a proposed
guideline which noted no evidence to support efficacy in
the primary prevention of C. difficile, but suggested that
“S. boulardii can be used to decrease recurrences of C. dif-
ﬁﬂ'/e”“sﬂ. McFatland e a/"™ found that . boulardii was not
effective in preventing recurrence after an initial episode
of CDI. The authors did find, however, a 50% reduction
among patients who had had a previous recurrence. A
second study of the use of S. boulardii in patients with
recurrent CDI confirmed a decrease in recurrences, but
only when combined with a high dose of oral Vanco-
mycin (500 mg gid). There was no reduction in recurrent
CDI with lower doses of vancomycin or metronida-
zole!"™, McFarland later conducted a meta-analysis and
noted that “from six randomized trials, probiotics had
significant efficacy for CcDD”!™, Unfortunately, he com-
bined the 2 studies using S. boulardii with studies using
a variety of Lactobacillus preparations, which could lead
to significant misinterpretation of the data. As noted by
Gerding; “A recent meta-analysis suggested that probiot-
ics are effective; nevertheless, because of the heterogene-
ity of study methods and patient populations, it is not
scientifically possible to conduct a meta-analysis of find-
ings in the probiotic literature”"”",

Another aspect of . boulardii in the treatment or pre-
vention of CDI is the risk for adverse events. While gen-
erally considered safe, there have been increasing reports
of fungemia due to S. boulardii, especially in those with
intravascular catheters and antibiotic therapy. Of the 37
patients with S. bowlardii fungemia in one report, use of
S. boulardii as a probiotic was considered to be the source
of infection in 64%""?. Of note, an additional five cases
were reported in patients who were not receiving a probi-
otic. In these cases, there was evidence of healthcatre as-
sociated acquisition from other patients who were being
treated with S. boulardii. The authors suggested that spe-
cial caution should be taken with probiotics in critically
ill and immunocompromised patients. Segarra-Newnham
in a review of the use of probiotics for CDI concluded
that “there were numerous unanswered questions”"””.,
She also noted that “given the potential for complica-
tions in debilitated immunosuppressed patients, the risk
may outweigh the benefits”. Czerucka went even further
suggesting “the presence of indwelling catheters is a
contraindication for the administration of . boulardi’”’
" Further evidence that the safety of probiotics cannot
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be assumed comes from a recent double blind, placebo
controlled trial of a multispecies probiotic (mostly Lac-
tobacillus sp. and Bifidobacterium sp.) in the treatment of
severe acute pancreatitis“w. In the probiotic group, 16%
of patients died »s 6% in the placebo group. Nine pa-
tients (8 with fatal outcomes) developed bowel ischemia.
Eight involved the small bowel. The authors concluded
“probiotics can no longer be considered to be harmless
adjuncts to enteral alimentation, especially in critically ill
patients”.

While the early literature focused primarily on the
application of S. boulardii for prevention and treatment
of CDI, more recently there has been a shift towards to
the use of Lactobacillus sp. preparations, such as Lactinex
(Becton Dickinson, San Diego, Ca) or Lactobacillus GG
(Culturelle, Bloomfield, Ct.). Early support for Lactoba-
¢illus came from a randomized, double-blind, placebo
controlled trial, published by Hickson ez al™ reporting
the use of Actimel (Danone, France) in the prevention
of CDI. In the United States, a similar product would
be DanActive by Dannon. No patients in the probiotic
group developed CDI, while 17% (9 of 53) in the pla-
cebo group developed CDI (P = 0.001). The authors
concluded that “this has the potential to decrease mor-
bidity, health care cost, and mortality if used routinely
in patients aged over 50”. Unfortunately, the article by
Hickson ¢z a/"” adds little substantive new data to the ar-
gument, because of its very poor generalizability. The ex-
traordinarily high exclusion rate resulted in only 6.4% of
screened patients being evaluable in the efficacy analysis.
Of the 1760 patients assessed for eligibility, 1625 (92%)
were excluded and a further 148 refused to participate,
leaving only 135 patients to be entered in the study. Of
these, 16% were lost to follow up, leaving only 6.4% of
the patients eligible for analysis. As noted in a Letter to
the Editor “I was astounded to read in the study method
that Hickson e /" had excluded high risk antibiotics
(as well as some misclassified low risk antibiotics). To do
so is akin to performing a trial of an agent that claims to
prevent type 2 diabetes, but excluding obese patients” e,

Since that time a significant number of trials have
been conducted with varying levels of support for probi-
otics. A 2008 Cochrane Review of the use of probiotics
in the treatment of CDI in adults identified 4 random-
ized control trials meeting inclusion criteria, all of which
were noted to be small in size and have methodological
problemsmﬂ. Of these studies, only one was found to
have a statistically significant benefit for probiotics, the
previously mentioned study by MacFarland et al on .
boulardii. The most promising evidence to date for probi-
otics comes from a systematic review and meta-analysis
involving pooled data from 20 studies and 3818 patients,
which revealed a pooled RR of 0.34 (95%CI: 0.24-0.49),
in other words a reduction in the incidence of CDI of
66%"", Calculating the optimal information size, which
1s the number of patients required for an adequately
powered study, using the worst-plausible-assumption
and applying a 5% population incidence of antibiotic-
associated CDI, the authors suggest this moderate-quality
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evidence predicts probiotics prophylaxis would prevent
33 episodes of CDI per 1000 persons. Additionally, while
their study indicated a larger risk reduction in the use of
multiple species preparation over single species, this was
likely accounted for by heterogeneity between studies.

The newest evidence surrounding the use of probiot-
ics for prevention of CDI comes from the PLACIDE
trial, a multi-center, randomized, double-blind, placebo
controlled trial for the use of lactobacilli and bifidobacte-
ria in the prevention of AAD and CDD, for which inpa-
tients over the age of 65 were randomized to either a mi-
crobial preparation or placebo. Relative risks between the
groups were RR 1.04 for AAD (95%CI: 0.84-1.28) and
RR 0.71 for CDD (95%CI: 0.34-1.57)""". The authors
concluded no evidence that multi strain preparation of
lactobacilli and bifidobacteria was effective in the preven-
tion of AAD or CDD.

Overall, interpretation of results from probiotic stud-
ies present many challenges. Lawrence, who conducted a
study of a Lactobacillus preparation to prevent recurrent
CDI noted that a number of problems were faced in at-
tempting to determine the efficacy of probiotics™. He
noted the high percentage of patients receiving system-
atic antibiotics (60.7%) and a high number of patients
receiving gastric acid suppression, both of which might
interfere with the efficacy of a probiotic. Other problems
with studies of probiotics for the prevention of recut-
rences of CDI, include the lack of randomization of the
type or dose of the antibiotic used with the probiotics,
which may have altered the outcomes. Doses of probiot-
ics were not standardized and may have been too small
or the preparations may have become nonviable after
manufacture or may have a different strain than adver-
tised. A number of authors have found that the number
of colony forming units can be much lower than what
is advertised on the label®". The 2013 ACG guidelines
concluded that there is insufficient evidence that probiot-
ics prevent CDI (Strong recommendation, low quality
evidence). In summary, there is much more enthusiasm
than data for the use of probiotics in the prevention or
treatment of CDL

The newest approach in the prevention of CDI fo-
cuses on targeting the infective spore to prevent germi-
nation into the vegetative toxin producing form. Since
only the vegetative form produces toxin, theoretically
prevention of spore germination would prevent symp-
tomatic infection. Howerton ez a/”"” demonstrated that
a cholate meta-benzene sulfonic derivative (CamSA) is
a strong competitive inhibitor of taurocholate-mediated
C. difficile spore germination. Subsequently, they adminis-
tered a single 50 mg/kg dose of CamSA to mice infected
with C. difficile spores and were able to prevent any signs
of CDI®™, The authors also noted that CamSA gave
complete protection against an “unnaturally massive” C.
difficile spore infection, equivalent to human ingestion of
hundreds of grams of infective spores. While still early
in the investigative process, CamSA represents an entirely
new approach to preventing CDI.
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FUTURE TREATMENT OPTIONS FOR CDI

With the increased virulence and decreased response to
standard treatment, combined with an increase in recur-
rences, both due to relapse and acquisition of epidemic
strains in hospitals, the need for newer approaches to the
treatment of CDI becomes even more important. There
are a number of exciting new antibiotics being studied
for treatment of CDI, including rifalazil, ramoplanin
and non-antibiotic based approaches, such as tolevamet,
monoclonal antibodies against toxin A, and a vaccine.

Rifalazil

Rifalazil is an experimental, absorbable antibiotic in the
rifamycin class, related to rifampin with a broad spec-
trum of activity against a wide range of organisms, in-
cluding Mycobacterium tuberculosis, Chlamydia, Helico-
bacter pylori and C. difficilé™". Testing of rifalazil against
110 isolates of C. difficile collected from 1983-2004 re-
vealed excellent activity with an MIC 90 of 0.03 pg/mL,
with only one isolate from the United States found to be
resistant . In a study of C. difficile in the hamster model,
all animals treated with rifalazil or vancomycin were pro-
tected from disease. Histologically, the rifalazil treated
animals had less edema and neutrophil infiltration than
the vancomycin treated animals. When vancomycin was
discontinued, 65% of the animals developed disease,
while none of the rifalazil treated animals had positive
toxin assays or disease™. Future trials of rifalazil in hu-
mans with CDI are eagerly anticipated, especially given
the low relapse rate in animal models.

Ramoplanin

Ramoplanin is an experimental broad spectrum, non-ab-
sorbable glycolipodepsipeptide. In the same study men-
tioned above, all isolates of C. difficile were sensitive to
ramoplanin with an MIC 90 of 0.5 pg/mL"". Tn anoth-
er study, which included C. difficile isolates with reduced
susceptibility to vancomycin and resistance to metro-
nidazole, no resistance was found to ramoplanin[zoﬂ. In
a hamster model of CDI, both ramoplanin and vanco-
mycin were uniformly effective in resolution of symp-
toms", In the vancomycin group, 100% of animals had
spores detected »s only 30% treated with ramoplanin
after 2 d of treatment. Ramoplanin was noted to have a
profound effect on both the vegetative and spore forms
of C. difficile with complete eradication of both forms of
the organism by 24 h. Vancomycin, on the other hand,
had no effect on spores. The authors hypothesized that
the efficacy against spores may be related to the binding
of lipid II. A related antibiotic, nisin, which has been
used as a food preservative for decades, had been note
to inhibit transformation from spore to the vegetative
form in Bacillus and other Clostridial species™.,

REP3123

REP3123 is a novel inhibitor of methionyl tRNA syn-
thetase, which is required for bacterial growth. REP3123
inhibits toxin formation, is active in animal models,
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prevents death of human cells exposed to C. difficle toxin
and decreases spore formation. REP3123 has shown
activity against 108 different C. djfficile isolates, including
the B1 strain, with an affinity for bacterial MetRS over
1000 times that of human mitochondrial or cytoplasmic
MetRS®". In addition, REP3123 is highly selective for
gram positive bacteria which may spare much of the nor-
mal colonic flora™. Clinical trials are cagerly awaited.

Tolevamer

Tolevamer (Genzyme Corp. Cambridge, MA) is a high
molecular mass, non-absorbable polymer that has been
shown to be a potent neutralizer of C. djfficlie toxins A
and B, with each polymer molecule irreversibly binding
3-4 toxin molecules™. A proposed advantage of non-
antibiotic approaches for the treatment of CDI is the
fact that there is no disturbance of the normal intestinal
flora, potentially decreasing the risk of recurrent disease.
Louie, et al. reported a randomized, double blind trial
of tolevamer in patients with mild to moderate CcDI?",
The patients were randomized to 3 or 6 g of tolevamer
for 14 d or vancomycin 125 mg gid. If the 6 patients
who had recurrence of diarrhea while still on treatment
with tolevamer (4 in the 3 g/d group and 2 in the 6 g/d
group) are included in the efficacy analysis, resolution of
diarrhea was found in 60% of the tolevamer 3 g group,
79% in the 6 g group and 91% with vancomycin. Re-
currence rates were 10% in the tolevamer 6 g group »s
19% in the vancomycin group. The major side effect of
tolevamer was noted be hypokalemia, found in 23% of
those in the 6 g group us 7% of those treated with van-
comycin. Because tolevamer is an anionic polymer capa-
ble of binding cations in colonic fluid, the hypokalemia
is not surprising. Addressing this issue, the next study
on tolevamer utilized a modified product, which is liquid
with potassium added, to allow net-neutral potassium
balance. This randomized Phase I trial tested tolevamer
at 6,9, 12 and 15 g/d, normal potassium was maintained
with the new product and researchers reported that tol-
evamer was generally safe and well tolerated in patients
at does up to 15 g/d[zm.

Despite its demonstrated safety with the reformulated
drug, two subsequent studies challenged the efficacy
of tolevamer for the treatment of CDI. The first was
a Phase III randomized trial of 544 patients on either
tolevamer (3 g, 3 times a day for 14 d), vancomycin (125
mg, 4 times a day for 10 d), or metronidazole (375 mg,
4 times a day for 10 d)P'?. Of the 278 patients on tol-
evamer only 42% achieved clinical success, thereby failing
to demonstrate noninferiority to the 73% success rate of
vancomycin. One interesting finding, however, was the
patients on Tolevamer had a decreased rate of recurrence
(6%) when compared to the vancomycin group (18%;
P = 0.009) and metronidazole group (19%; P = 0.0006).
The authors attributed the decreased rate of recurrence
to the flora-sparing activity of tolevamer. As a follow-up
to the findings of this Phase Il trial, researchers in the
UK studied the neutralizing effects of tolevamer on the
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C. difficile cytotoxins in an 7z vitro human gut model®™. In
contrast to previous studies, these researchers found that
tolevamer was not associated with loss of the C. dijfficile
cytotoxic effect. These results support and may explain
the poor results for the primary endpoint in the previ-
ously described Phase I trial.

Monoclonal antibodies

The proposed mechanism behind the use of monoclonal
antibodies (MAbs) in CDI is the potential ability to di-
rectly modulate the effects of C. difficile cytotoxins A and
B. In animal models, MAbs have been shown to reduce
the severity and duration of diarrhea, death rate, and
rate of recurrence’ . Literature concerning the admin-
istration of a single MAb against either toxin A or toxin
B seems to be conflicting; one early study reports that
a MAb against toxin A was sufficient to protect form
death, while a MAb against toxin B had no effect”. In
contrast, it was more recently suggested that the MAb
against toxin B was protective against CDI"". Given
these conflicting reports, clinical application of MAb
therapy appears to be adopting a dual administration
of MAbs for both toxin A and toxin B. A randomized,
double-blind Phase II placebo controlled trial of MAbs
against toxin A (CDA1) and toxin B (CDB1) was able to
demonstrate a lower recurrence rate with the administra-
tion of a single infusion of 10 mg/kg of MAb compated
to placebo in patients also receiving either metronidazole
or vancomycin®". Overall, recurrence rates were 7% for
the MAb group »s 25% for the placebo group (95%CI:
7-29, P < 0.001), while for patients with more than one
previous episode of CDI the recurrence rates were 7%
for the MAD group compared to 38% for the placebo
group (P = 0.000).

Many questions remain about the application of
MADb therapy in the treatment of CDI. Concern has
been raised that MAb therapy does not decrease the
severity of diarrhea, duration of hospitalization, or time
to resolution™®. Additionally, the clinical applications
of the current studies may not be appropriate given dif-
ferences in course of illness between different patient
populations, in particular the elderly®. Some of these
questions may be answered by two Phase III trials cur-
rently underway™"**"!. Also likely to emerge in the future
is the application of new MAbs that specifically bind to
epitopes in the neutralizing regions of toxins A and B.
These MAbs, known as PA-50 and PA-41, were shown
to confer a dramatically increased survival rate in a ham-
ster model, where the administration of a dual PA-50/
PA-41 MAD revealed long term survival rate of 95% o5
0% for placebo™.

Vaccine

Interest in a vaccine is based upon the fact that develop-
ment of C. djfficile antitoxin antibody has been associated
with protection from the development of CDI after
colonization with C. difficile. A vaccine against toxins
A and B, that has been efficacious in animal models as
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well as humans, and demonstrated successful prevention
of recurrence in 3 case reports™’. More recently, six
Phase [ trials on 200 individuals have been completed
by Sanofi Pasteur with a bivalent formalin-inactivated
vaccines against toxins A and B showing serconversion
of 75% of participants by day 70"Y, A Phase II trial of
this vaccine, currently underway in the US, is being con-
ducted to assess primary CDI prevention in 650 at risk
adults®. Also in development is a chimeric antitoxin
vaccine using an endotoxin free expression system from
Bacillus metaerium, which was capable of producing
neutralizing antitoxins and preventing spore-induced re-
lapse in CDI™,

CONCLUSION

The impact of CDI infection is significant. This infection
places a tremendously onerous burden on the health care
system worldwide and has major adverse clinical and eco-
nomic impact. This topic will be a continued high prior-
ity for national guidelines and clinicians will need to pay
close attention to any forthcoming revisions for diagnosis
and management. Presently, best practice recommenda-
tions would be as follows: (1) only patients with diarrhea
(a stool that takes the shape of the container) should be
tested for CDI; (2) initial testing should be done with
glutamate dehydrogenase or nucleic acid amplification
test for CDI, without repeat testing unless high suspicion
for infection and initial GDH testing is done; (3)patients
with resolution of diarrhea should not be rested to docu-
ment cure of CDI; (4) initial antibiotic treatment for
patients with mild/moderate CDI infection should be
metronidazole 500 mg #d orally (provided no drug allergy
contraindication); (5) initial treatment for severe CDI or
failure to respond to 5-7 d of metronidazole should be
vancomycin 125 mg gid orally. 1f severe or complicated
CDI, intravenous metronidazole 500 mg #d should be
added; (0) in patients with severe ileus or complicated
CDI, best antibiotic plan is intravenous metronidazole
500 mg #d plus vancomycin 500 mg gid (oral) plus van-
comycin 500 mg in 500 cc fluid gid (rectal by retention
enema); (7) use of intravenous formulation compounded
by pharmacy into oral solution offers significant cost
advantage; (8) the first recurrence of CDI can be treated
with the initial regimen if it induced appropriate clinical
response; (9) the second recurrence of CDI should be
treated with pulsed vancomycin; (10) the third recurrence
or unresponsive severe CDI, fecal microbiota transplant
should be considered; (11) current data suggests limited
if any value, of probiotics for CDI treatment or preven-
tion of relapse. The use of these agents in patients with
central venous catheters should be avoided given possible
infectious complications; and (12) high level disinfection
of environmental surfaces for bathroom and if inpatient,
contact surfaces is recommended. We routinely have
patients discard toothbrush and change any device or
implement that may allow oral contact ingestion of aero-
solized spores in patients with CDI.
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Abstract

The incidence of esophageal adenocarcinoma, a poor
prognosis neoplasia, has risen dramatically in recent de-
cades. Barrett’s esophagus represents the best-known
risk factor for esophageal adenocarcinoma develop-
ment. Non-steroidal anti-inflammatory drugs through
cyclooxygenase-2 inhibition and prostaglandin metabo-
lism regulation could control cell proliferation, increase
cell apoptosis and regulate the expression of growth
and angiogenic factors. Statins can achieve equivalent
effects through prenylation and subsequently control of
cellular signaling cascades. At present, epidemiological
studies are small and underpowered. Their data could
not justify either medication as a chemo-preventive
agent. Population based studies have shown a 43%
reduction of the odds of developing an esophageal ad-
enocarcinoma, leaving out or stating a 25% reduction
in patients consuming non-aspirin nonsteroidal anti-
inflammatory drugs and a 50% reduction in those pa-
tients consuming aspirin. They have also stated a 19%
reduction of esophageal cancer incidence when statins
have been used. Observational studies have shown that
non-steroidal anti-inflammatory drugs could reduce the
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adenocarcinoma incidence in patients with Barrett's es-
ophagus by 41%, while statins could reduce the risk by
43%. The cancer preventive effect has been enhanced
in those patients taking a combination of non-steroidal
anti-inflammatory drugs and statins (a 74% decrease).
Observational data are equivocal concerning the ef-
ficacy of non-steroidal anti-inflammatory drug sub-
classes. Non-steroidal anti-inflammatory drugs clearly
have substantial potential for toxicity, while statins are
rather safe drugs. In conclusion, both non-steroidal
anti-inflammatory drugs and statins are promising che-
mopreventive agents and deserve further exploration
with interventional studies. In the meanwhile, their
use is justified only in patients with cardiovascular dis-
ease.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Esophageal adenocarcinoma; Barrett’s
esophagus; Non-steroidal anti-inflammatory drugs; As-
pirin; Statins; Cancer chemoprevention

Core tip: Esophageal adenocarcinoma remains a major
burden upon health. Experimental studies have sug-
gested that non-steroidal anti-inflammatory drugs and
statins may have useful actions against esophageal
cancer cells. This review of observational studies shows
that non-steroidal anti-inflammatory drugs reduced
adenocarcinoma incidence in patients with Barrett’
s esophagus by 41%, while statins reduced the risk
by 43%. The cancer preventive effect is enhanced in
those patients taking a combination of non-steroidal
anti-inflammatory drugs and statins (a 74% decrease).
Non-steroidal anti-inflammatory drugs clearly have
substantial potential for toxicity, while statins are rather
safe drugs. Their combination offers promise for che-
moprevention and further interventional studies are
warranted.
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INTRODUCTION

A rapid increase in incidence and mortality from esopha-

geal adenocarcinoma (EAC) has been observed over the
past four decades in the Western world!™. Although the
absolute incidence of EAC varies dramatically by gender
and race, few demographic groups have been spared
from the increases™. Moreover, survival of persons with
EAC remains abysmal, with most succumbing to the dis-
case within a year” while the 5-year survival rate is less
than 15%".

Barrett’s esophagus (BE), replacement of the squa-
mous esophageal mucosa by metaplastic columnar epi-
thelium due to prolonged reflux® of the gastric content
into the esophagus, represents the best-known risk factor
for EAC developmentm. The annual incidence of EAC
development in patients with BE is 0.29 0-0.5%"".

Clinical and demographic factors that have shown
some promise in being predictive of malignant trans-
formation in BE are male gender[m’“], increasing agem,
length of Barrett’s segrnent“Z’M], duration of BE" and
size of hiatal hernia¥. There is little evidence to suggest
that total alcohol consumption or specific alcoholic bev-
erages modifies the risk of EAC in the general popula-
tion™'", while srnokjng”()’w] and obesity"**" raise the risk
for neoplastic progression.

According to the most popular theory, carcinogenesis
in BE patients is completed in three stages. During the
first, a distinct stem cell population develops in the bone
marrow of genetically predisposed patients with gastro-
esophageal reflux disease. Those cells migrate during the
second stage to the gastroesophageal junction and lower
esophagus, producing a macroscopically visible BE. The
inflammatory milieu in the lower esophagus produces the
driving force for stem cell migration. Repeat call for re-
pair in the hostile environment of lower esophagus in BE
patients leads to increase cell proliferation and frequent
mutations. As noxious mutations sum up by a multistep
process, metaplastic epithelium evolves into low-grade
dysplasia, high-grade dysplasia, early EAC and ultimately
invasive cancer"'

Although cancer surveillance is performed in most
institutions, once diagnosis of BE is rendered, the true
cost-benefit ratio of this endeavour is still essentially
unknown™. Surveillance does not interfere with the neo-
plastic process and could not affect the pre-neoplastic
stem cell population generated in the bone marrow. Thus,
there is a quest for global and more interventional strate-
gies. Chemoprevention is attractive, especially for the
high-risk group of BE individuals, since it can affect the
neoplastic process from its early beginning. Moreover,
because it could be effective even under insufficient gas-
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tric acid suppressionm], it may be superior to BE ablative

techniques that presuppose adequate acid suppression to
prevent BE recurrence”" and may prove too expensiveps].
Finally, since BE surveillance cost-effectiveness has been
undermined by recent data suggesting a low risk of ma-
lignant transformation™”, chemoprevention seems to
represent an attractive alternative™. At present, there
are no proven chemo-preventive agents, although non-
steroidal anti-inflammatory drugs (INSAIDs) and statins
appear to offer the most attractive combination of risks
and benefits.

This review is to assess current experimental and epi-
demiological data that NSAIDs and statins could reduce
the risk of developing EAC in BE. Moreover, we aim
to clarify how existing findings could be included in the
EAC etiological models, as well as any side effects, that
would follow clinical application of NSAIDs and statins
for cancer prevention.

NSAIDS AND EAC CHEMOPREVENTION

Numerous 7 vitro and animal studies support the possible
chemo-preventive effect of cyclooxygenase-2 (COX-2)
inhibition in BE. COX-2 inhibitors, either drugs or natu-
rally occurring in plant foods, could produce significant
suppression of cell proliferation and induce cell cycle ar-
rest in cultured EAC cells™. Selective COX-2 inhibitors
have a similar effect in cell cultures from endoscopic bi-
opsies taken from BE patientsm]. Adding COX-2 inhibi-
tors in rat diet after esophagojejunostomy had reduced
progression to EACP in some studies, while indo-

methacin, but not selective COX-2 inhibitors, produced a
33]

similar effect in others

Several case control studies comparing EAC patients
to healthy controls have shown that NSAID use can ef-
fectively prevent EAC. A meta-analysis of all human
studies published prior to 2003, showed an overall 43%
reduction of the odds of developing an EAC in NSAID
takers, comprising a 25% reduction in patients consum-
ing non-aspirin NSAIDs and 50% reduction in aspirin
users™. but the analysis included only one small case-
control study comparing BE and EAC patients™ and no
prospective study. Thus, it cannot differentiate whether
any beneficial effect of NSAID use is produced before
or after BE appearance. In 2009, a questionnaire based
study that included approximately 300000 members of
the American Association of Retited Persons found no
significant association between EAC and the use of aspi-
rin or non-aspirin NSAIDsP.

Since 2003, several observational studies compar-
ing BE and EAC patients have been published (Table

. . [23,37,38
1). These were either case-control retrospectlve[ 0 o

39-43 . . .
. J. Prospectlve chemopreventlon tri-

cohort studies
als are underway to evaluate the efficacy of aspirin and
NSAIDs. In the United Kingdom, the AspECT trial is
currently evaluating the combination of high-dose pro-
ton pump inhibitors and aspirin in minimizing the risk of
progression to cancer in 9000 BE sufferers™™. A similar
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Table 1 Auvailable epidemiological evidence of benefit of non-
steroidal anti-inflammatory drugs and aspirin in prevention

of esophageal adenocarcinoma in patients with Barrett’s
esophagus

Ref. Type of Size- Effect on EAC  Beneficial
study follow-up rate effect
Abnetetal®™  Population 311115 Aspirin None
based AARP OR=11
members (0.78-1.57)
Non-aspirin
NSAIDs
OR =0.90
(0.55-1.43)
Tsibouris et al®™  Case- BE: 382 Daily use of non- Non-aspirin
control  EAC:114 aspirin NSAIDs  NSAIDs
OR =0.30
(0.10-0.91)
Daily use of low-
dose aspirin
OR=1.21
(0.52-2.83)
Beales et al™”) Case- BE:170  Statins + aspirin  Statins +
control  EAC: 85 OR =0.31 aspirin
(0.04-0.69)
Nguyen et al®™  Case- BE: 696 AIINSAIDs  All NSAIDs
control  EAC:116 OR =0.64
(0.42-0.97)
Vaughanetal™  Cohort  BE:350 AIINSAIDs  All NSAIDs
1731 PY OR=0.20
(0.10-0.41)
Kastelein et al®™®  Cohort BE: 570 Non-aspirin ~ Non-aspirin
4.5years NSAIDs NSAIDs
OR =0.50
(0.26-0.97)
Aspirin
OR =0.67
(0.31-1.46)
Nguyen et al!  Cohort BE: 344 All NSAIDs None
2620 PY OR =0.51
(0.25-1.04)
Gatenby et al™™  Cohort BE: 650 Non-aspirin None
3683 PY NSAIDs
OR =0.90
(0.34-2.37)
Aspirin
OR =0.72
(0.41-1.31)
Kantoretal®™  Cohort ~ BE:411  AlINSAIDs None
2805 PY OR = 0.46
(0.34-1.10)

PY: Patient years; EAC: Esophageal adenocarcinoma; BE: Barrett’s
esophagus; NSAIDs: Non-steroidal anti-inflammatory drugs.

prospective study is running in the United States™. In
the only prospective interventional study published today,
Heath ¢z al'” randomized 100 patients who had either low
or high-grade dysplasia and BE to receive either a COX-2
selective NSAID (celecoxib) or placebo. After 48 wk of
treatment, there was no significant difference between the
2 groups in the proportion of esophageal biopsy speci-
mens showing dysplasia or cancer*. This study has limi-
tations (eg., the use of dysplasia as the primary outcome,
the use of a low dose of celecoxib) that prevent definite
conclusions on the utility of NSAID chemoprevention.
Although all case control studies have shown that
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NSAID use is beneficial, thete is considerable diversity
concerning NSAID subclasses that could reduce EAC
risk. Our case control study has shown that daily use of
non-aspirin NSAIDs was beneficial; while a daily low
dose, as well as infrequent use of either aspirin or non-as-
pirin NSAIDs, was not™. Beales ¢f o/’ found that statin
and aspirin combination reduced incidence of EAC and
Nguyen ez al™ that all NSAIDs are beneficial, without a
separate report of NSAID subclasses.

Cohort study results are more diverse. Vaughan ez /™
found that, comparing current NSAID users to those
who never used, NSAIDs had a significantly decreased
risk of EAC. Kantor ez a/* reported that non-aspirin
NSAID use reduced the risk of neoplastic progression
but not aspitin use. The other 3 cohort studies were neg-
ative"™ although Kantor found that NSAID use was
beneficial only for patients with high-grade dysplasia. A
pooled analysis of 6 population-based studies within the
Barrett’s and Esophageal Adenocarcinoma Consortium
have shown that daily NSAID use can reduce the risk of
developing EAC by more than 40% (OR = 0.56, 95%CI:
0.43-0.73, P < 0.001)"*". A meta-analysis of all published
observational studies calculated the pooled effect size for
COX-inhibitors to 0.59 (95%CI: 0.45-0.77) with minimal
heterogeneitym].

Many of the observational studies have inherent
limitations because not all confounding variables (such
as socioeconomic status, tobacco and alcohol use, H.
Pylori status, dietary intake) have been taken into account,
especially in case-control studies. Use of aspirin and/or
NSAIDs may have been associated with certain patient-
led behaviors that have an influence on risk. Such behav-
iors may include vitamin supplementation™ and dietary
habits. Furthermore, patients on aspirin may indeed have
been more health conscious and might have been more
likely to have their cancers detected than others. Finally, it
is likely that those with upper gastrointestinal symptoms
such as heartburn and regurgitation, risk factors for EAC,
are less likely to have been prescribed NSAIDs or aspirin.
The use of acid-reducing agents with the sole aim of re-
ducing BE has not been proven in a long-term controlled
trial™, Although most studies suggest a synergy between
sufficient acid suppression and NSAIDs chemopreven-
tive effect”™”, we have shown that NSAIDs could be
effective despite financially driven reduction of proton
pump inhibitor treatment””.

Typically, diagnosis of BE is made in men older than
50 years of age, a group with elevated frequency of car-
diovascular disease. Low-dose aspirin is beneficial for
primary cardiovascular events in men older than 50 years
of age who are at risk of developing coronary artery
disease™ ™. Today, data concerning BE patients with
ischemic heart disease are scarce. We have reported that
low-dose aspirin could reduce the risk of EAC in BE pa-
tients with ischemic heart disease, but it had no beneficial
effect in patients without cardiovascular co-morbidities”™,
possibly due to cofactors common to the etiology of
ischemic heart disease and EAC, such as alcohol, tobacco,
diet and exercise.
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Limited data suggest that biomarkers might have a
role in identifying those patients with BE who are most
likely to benefit from chemopreventive therapies. In BE
patients with DNA content abnormalities, such as 17p
loss of heterozygosity (LOH), and/or 9p LOH in their
esophageal biopsy specimens, NSAID use was associated
with a significant reduction in the risk of EAC after 6-10
years of follow-up. In contrast, no beneficial effect was
seen in patients without those abnormalities”.

MECHANISMS OF NSAID
CHEMOPREVENTIVE EFFECT

HEsophageal catcinogenesis is mainly related to the in-
flammatory process in macioscopically visible Barrett
epithelium, due to persistent gastroesophageal reflux"” in
addition to angiogenesis up—regulation[ss]. The inflamed
mucosa produces several inflammatory intermediates. In-
terleukin-1 and tumor necrosis factor induce nuclear fac-
tor (NF)-kB over-expression”™. After activation, NF-kB
translocates to nucleus, where it activates gene transcrip-
tion””. In BE patients, NF-kB binds the promoter region
of COX-2 gene, increasing COX-2 expression’™. Most
observational studies suggest that NSAIDs, in doses
adequate to suppress COX-2, can effectively prevent BE
progression to EACP™,

Reactive oxygen species may damage DNA, RNA, lip-
ids and proteins, leading to increased mutation and altered
functions of enzymes and proteins (e.g., activation of on-
cogene products and/or inhibition of tumor suppressor
proteins). They also related to cellular immunity, signal
transduction and modification of extracellular matrix. In
normal esophagus, low levels of reactive oxygen species
are produced in non-phagocytic cells and are thought
to be by-products of aerobic metabolism®”. Pulsed acid
treatment and bile significantly increases H202 produc-
tion in BE cells »za NADPH oxidase NOX-5-S over-
expression. It also increases calcium ion influx and cyclic
adenosine monophosphate (AMP) reactive element
binding protein®!!. Increased cellular calcium ion influx
causes up-regulation of NADPH oxidase NOX5-81,
Overproduction of reactive oxygen species derived from
up-regulation of NADPH oxidase NOXS5-§, as well as
H20: overproduction, can up-regulate NF-xkB“” and as a
result leads to COX-2 over-expression'™’,

Because acid and bile contents of refluxate represent
the main driving forces for COX-2 over-expression in
BE patients[és] and because proton pump inhibitors en-
hance COX-2 anti-proliferated effect i vitro and prevent
vascular endothelial growth factor overexpression[%],
acid suppression should be an essential cofactor of EAC
chemoprevention. This suggestion is also supported by
epidemiological data™*¥,

COXs (or prostaglandin H synthases) are a family of
myeloperoxidases located at the luminal side of the endo-
plasmic reticulum and nuclear membrane, which catalyze
the rate-limiting step of prostaglandin biosynthesis from
arachidonic acid””. COX-2 induction or over-expression
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1s associated with an increased production of prostaglan-
din E2 (PGEZ2), which is known to modulate cell prolif-
eration, cell death and tumor invasion in many types of
cancer. In addition to COX overexpression, pulsed acid
exposure can up-regulate microsomal PGE synthase 1
and through it, PGE2 production and cell proliferation.
Acid-induced microsomal PGE synthase 1 over-expres-
sion depends on NADPH oxidase 58S activation and NF-
kB1 over—expression[ﬁg] and it is regulated through the
increase of cytosolic calcium'”. Epidemiological data
suggest that the acid related route of PGE2 production
is of minor importance since COX-2 inhibitors can be
effective even under inadequate acid suppressionm]

PGE2 acts through different membrane receptors
called EP receptors (EP1, EP2, EP3 and EP4). These
receptors are all located on the cell surface but trigger
different signaling pathways. Thus, it is known that EP1
signaling acts through phospholipase C/inositol triphos-
phate signaling, leading to intracellular mobilization of
calcium. EP2 and EP4 receptors are coupled with G pro-
teins and activate adenylate cyclase, leading to an increase
of intracellular cyclic AMP™, Cyclic AMP is then able to
activate various kinases, such as protein kinase A, phos-
phoinositide-3 kinase and glycogen synthetase kinase-3,
leading to an activation of [3-catenin, a pathway regulat-
ing cell proliferation'”. Contrary to EP2 and EP4, EP3 is
coupled with Gi protein, leading to an inhibition of ad-
enylate cyclase and decreases of cAMP inside the cells™.
Dietary elements entering arachidonic acid metabolism
can interfere with PGE2™ and therefore they should not
be overlooked. Unfortunately, almost all epidemiological
studies ignore this parameter™" ",

Cell circle regulatory mechanisms form checkpoints
where the cell cycle can be stopped after cellular damage
in order to allow repair and to maintain cellular integrity
ot, alternatively, to eliminate mutated and potentially dan-
gerous cells. Different serine-threonine kinase proteins
called cyclin-dependent kinases (Cdk) are important cell
circle regulators. They interfere with the cell cycle by
phosphorylating many substrates'”. The inhibitors of cy-
clin kinase 4 (INK4) family (p16, p15, p18 and p19) and
the Cip/Kip family (p21, p27 and p57)"*" are key regu-
lators of cell transition from G1 to S phase. INK4 family
inhibits Cdk4 and Cdk6, whereas Cip/Kip family inhibits
all Cdks. After DNA damage, p53, a tumot suppressor
gene, activates transcription of p21, which inhibits cyclin
E phosphorylation, leading to hypophosphorylation of
retinoblastoma protein'". After phosphorylation, reti-
noblastoma protein releases transcription factor E2F
activating genes involved in the S phase-like proliferating
cell nuclear antigen[74]. p53 also regulates cell transition
from Gz to M phase through cyclin B-Cdk 2 complex ac-
tivation. Cyclin B-Cdk 2 complex accumulates during the
previous step of the cell cycle. It is inactivated by phos-
phorylation at tyrosine 15 and threonine 14 by Wee 1
and Myt 1 and can be reactivated when these phosphate
groups are removed by the phosphatase CDC25A, a cy-
clin related phosphatase, when cells enter mitosis.

COX-2 up-regulation increases Barrett’s epithelium
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and esophageal adenocarcinoma cell proliferation by
induction of retinoblastoma tumor suppressor protein
phosphorylation and up-regulation of cyclins, cyclin-de-
pendent kinases”” and p53 LOH". NSAIDs could also
increase the proportion of Barrett cells in Go-G1 phase
and reduce those in S and Gz2-M phaseps’m.

Two major cascades of intracellular events are com-
monly involved in mediating apoptosis. (1) The intrinsic
pathway, also called the mitochondrial or stress-induced
apoptotic pathway, which is activated in response to
damaging stresses; and (2) the extrinsic, or physiologi-
cal, apoptotic pathway. Typical hallmarks of the intrinsic
pathway are mitochondrial outer membrane permeabili-
zation, accompanied by a collapse of the mitochondrial
membrane potential™. These events lead to the release
of cytochrome ¢ into the cytosol and the death complex
formation by apoptotic protease activating factor-1 and
procaspase-9. Once recruited, procaspase-9 is cleaved
to its activated form (caspase-9) to further activate the
executor caspase-3 and to finalize the apoptotic program.
The intrinsic pathway can be triggered upon binding of
specific ligands to death receptors characterized by the
presence of a death effector domain™". Ligands include
cytokines, such as tumor necrosis factor o, tumor ne-
crosis factor-related apoptosis inducing ligand-induced
apoptosis or Fas. After binding, death inducing silencing
complex is formed. The adaptor proteins, tumor nectrosis
factor receptor-associated death domain and Fas associ-
ated death domain, form the death inducing silencing
complex that is able to recruit and activate pro-caspase-8.
The latter activates caspase-3 in order to trigger the final
steps of apoptosis.

Cross talks between the two pathways take place.
The extrinsic apoptotic pathway can activate the intrinsic
pathway zia truncation of the BH3-only protein Bid by
caspase-8. BH3-only protein Bid interacts with mitochon-
dria, by favoring the activation of the pro-apoptotic Bcl-2
family members Bak and Bax, thus leading to mitochon-
drial outer membrane permeabilization and caspase-9 ac-
tivation™”. The intrinsic apoptotic pathway may, in turn,
activate caspase-8, downstream to caspase-3""". NSAIDs
can inhibit programmed cell death in BE cells vz preven-
tion of Bcl-2 suppressionmj, a key checkpoint in COX-2
controlled apoptotic cascade™

Anoikis is a form of apoptosis mediated by the loss
of cell anchorage. This pathway plays a fundamental role
during development and maintenance of tissue homeo-
stasis by killing damaged cells or detached cells in order
to maintain tissue architecture. It is dependent on caspase
activation and cytochrome ¢ release by mitochondria and
is regulated by Bcl-2 family members” . Cell anchorage is
due to cell-cell and cell-matrix interactions. Cell-cell inter-
actions are mainly mediated by integrins, transmembrane
receptors located at the cell surface™. Many intracellular
signals can act downstream to integrins, which, correctly
switched on, can ensure cell survival. Some of them ate
mediated by kinases such as focal-adhesion-kinase or in-
tegrin-linked kinase. Focal-adhesion-kinase is phosphory-
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lated upon integrin adhesion, leading to activation of
other signaling pathways like phosphoinositide 3 kinase
and mitogen-activated protein kinase (MAPK)"™",

NSAIDs can up-regulate MAPK signaling cascade™
through CI/HCO3 membrane exchange channel after in-
¥l COX-2 inhibitors can regulate
mesenchymal-epidermal cross talk®™. In non-dysplastic
Barrett, COX-2 is selectively increased only in stromal
cells, while in adenocarcinoma it is also increased in neo-
plastic epithelium™",

COX-2 can also regulate the expression of angioge-
netic factors, especially vascular endothelial growth fac-
tor™ mainly through a MAPK dependent pathwaym.
Because reactive oxygen species are overproduced in
the ischemic tissue”™ and various angiogenic factors
are abundant in patients with cardiovascular diseases”,
NSAIDs are expected to be more effective in this patient
group. Nevertheless, non-aspirin NSAID are not effec-
tive in BE patients with ischemic heart disease, while as-
pirin is especially effective in this patient groupm.

Although low-dose aspirin cleatly prevents EAC when
prescribed in healthy controls, it suppresses COX insuf-
ﬁciently[34]. Thus, apart from COX-related, there are also
other mechanisms implicated in NSAID chemopreven-
tive action. Epidemiological data doubt the significance
of COX-independent mechanisms™ .,

Independently to COX, NSAIDs can bind and inhibit
protein kinase B/Akt, an important mediator of cell
proliferation and in apoptosis. Protein kinase B is able
to phosphorylate Cdk inhibitors, such as p21 and p27,
leading to proliferating cell nuclear antigen activation””.
Moreover, it inhibits apoptosis by phosphorylating the
pro-apoptotic protein Bad and by inhibiting caspase-9
cleavage™. Independently to COX, NSAIDs can also
activate the extrinsic apoptotic pathway by modulating
the sensitivity of several tumor cells to Fas and tumor
necrosis factor-related apoptosis inducing ligand™. They
can also up-regulate Bax expression and mitochondrial
cytochrome ¢ translocation””. Finally, NSAIDs are able
to decrease intracellular content of glutathione, the most
important intracellular non-protein antioxidant defense
against free radicals and, in such a way, affect both cell
proliferation and apoptosism.

Although in vitro studies suggest that NO-aspirin is
more effective than aspirin to prevent Barrett cell hyperp-
roliferation”™, this did not prove to be the case in a clini-
cal study™.

tracellular acidification

COST-EFFECTIVENESS AND
SIDE EFFECTS OF NSAIDS
CHEMOPREVENTION

Assuming that aspirin use can reduce EAC development

risk by 50% in BE patients, the cost of the chemo-pre-

ventive intervention was calculated to 40000 Euros for
[28]

every quality year of life saved ™.
NSAIDs clearly have substantial potential for toxic-
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ity, including serious gastrointestinal and cardiovascular
side effects that should be balanced with their potential
cancer-preventive effects. Generally the risk for low-dose
aspirin is low. A meta-analysis of randomized controlled
trials compating low-dose aspirin (75-325 mg) and pla-
cebo for cardiovascular prophylaxis found that the ab-
solute annual increase in risk attributable to aspirin was
only 0.13% (95%CI: 0.08-0.20) for major bleeding, 0.12%
(95%CI: 0.07-0.19) for major gastrointestinal bleeding,
and 0.03% (95%CI: 0.01-0.08) for intracranial bleeding”.
Moreover, concomitant proton pump inhibitor therapy
could reduce the risk of gastrointestinal bleeding by a
factor of 2 to 9",

We have shown that complications, including upper
gastrointestinal bleeding, esophageal ulcers and benign
esophageal strictures, were no more common in NSAID
users with BE than NSAID non-users. Moreover, the
majority of those complications were acid related and
could be prevented by adequate acid suppression, prefer-
entially with high dose proton pump inhibitors. On high
dose proton pump inhibitors, only 14% of BE patients
consuming NSAIDs presented with any comph’cationml
In accordance to our findings, Hillman ez al"” have
shown that esophageal ulcers and stenosis can be effec-
tively prevented with adequate acid suppression!*”.

Because thromboxane biosynthesis depends on sus-
tained inhibition of COX-1, several NSAIDs present se-
tious cardiovascular side effects. In the two meta-analyses
published today, major vascular events were increased
by about a third for COX-2 selective and non-selective
NSAIDs, with the exception of naproxen. Analyses
showed that the excess risk was mainly attributable to
an increase of about three quarters in the risk of major
coronary events. Vascular death increased by about two-
thirds, heart failure risk roughly doubled, while risk for
stroke was not affected” """,

Nitro-NSAIDs represent an NSAID subclass with
lower risk for gastrointestinal bleeding“us]. We have
shown that combination of NSAID use to nitrates in BE
patients neither affected EAC risk nor improved NSAID
safety proﬁlem].

STATINS AND EAC CHEMOPREVENTION

Cellular effects of statins on EAC cell lines have been
evaluated in three iz vitro studies. All reported anti-prolif-
[106-108]

. Qresearch, a pro-
spective study based on 24 general practice research da-
tabases from England and Wales, have shown that statins
were protective against esophageal cancer development

erative and pro-apoptotic effects

in both men and women. The risk of esophageal carci-
noma decreased in both men and women prescribed sim-
vastatin, as well as in men prescribed atorvastatin. There
were inadequate data for other statins. There was some
evidence of a dose-response associated with simvastatin
in men only[m()]. A more recent analysis of the same data-
base revealed no protective effect from statin use. An
analysis of General Practice United Kingdom Research
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Database in 2002 that included only 9 esophageal car-
cinoma cases revealed no protective effected related to
statin use!''". Bhutta ¢ a/''” case control study found that
statin use was negatively associated with the development
of esophageal carcinoma. Both lipophilic and hydrophilic
statins were protective. The magnitude of this negative
association was similar for time periods extending beyond
one year. When statin use and cancer development was
accessed through a health care program database from
northern Calofornia, esophageal carcinoma was more
common among statin users' L Population studies pub-
lished today, although they have been adjusted for many
covariates including age, body mass index, smoking, do not
differentiate between EAC and squamous carcinomas and
do not allow evaluation of statin use in EAC prevention.
Three population studies""""
meta-analysis of risk of esophageal carcinoma among

were included in the

general population cohorts with statin use. The pooled
effect size was 0.86 (95%CI: 0.78-0.94, P = 0.001) with
minimal heterogeneity“m. A recent meta-analysis of all
published studies calculated the pooled effect size for statins
to 0.81 (95%CI: 0.75-0.88) with substantial heterogeneity'™.

Several observational studies evaluating NSAIDs che-
mopreventive effect have also analyzed the utility of statin
use (Table 2). In their case control study, Beales ¢z 2/ found
that regular statin use was associated with a significantly
lower incidence of EAC. Longer duration of statin use
and higher doses were both associated with a significantly
greater reduction in EAC. Kastelein ¢ a/* reported that
statin use for greater than one mo was associated with
a statistically significant inverse risk for neoplastic pro-
gression, although this was only observed in men over
60 years of age. The concomitant use of both statins
and NSAIDs was associated with a greater risk reduc-
tion. Nguyen e7 al™ reported that having any filled statin
prescription was associated with 45% lower risk of EAC.
Patients with a cumulative filled statin prescription for >
12 mo have a reduced risk of EAC compared to those
with < 12 mo or those with no statin prescription. Kan-
tor ¢t al™ found that statin use was not associated with
a reduced risk of neoplastic progression in BE patients.
Nevertheless, when the analysis was limited to persons
with high-grade dysplasia at baseline, a subgroup at
particularly high risk of EAC development, statin use
was definitively protective. The combination of statins
and NSAIDs was also protective. The main draw back
of most observational studies was that authors did not
adjust for important covariates, namely body mass index
and srnoking[4ﬂ’41’43].

Kastelein ez a/*” and Nguyen ez al*" cohort studies
were included in the meta-analysis of risk of EAC. The
pooled effect size was 0.53 (95%CI: 0.36-0.78, P = 0.001)
with minimal heterogeneity'" ™. A recent meta-analysis,
including all 5 studies published today, calculated the
pooled effect size for statins to 0.57 (95%CI: 0.43-0.75)
with minimal heterogeneity. For the combination of
statins and COX inhibitors, pooled effect size was 0.26
(95%CI: 0.10-0.68)".
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Table 2 Available epidemiological evidence of benefit of statin

use in prevention of esophageal adenocarcinoma in patients

with Barrett’s esophagus

Ref. Size-follow-

up

Type
of study

Effect on EAC
rate

Benefi-
cial
effect

Hippisley- General

Cox et al"™

Population
based  population
2004692

cases

Vinogradovaetal™ Population ~ General

based  population
2004692
cases

Kaye et al™™

Population Esophageal

based
Population Esophageal

based  cancer: 4242
Controls:

17233

cancer: 9

Bhutta et al"™

Beales et al™”! BE: 170

EAC: 85

Case-
control

1[401

Cohort BE: 570

4.5 years

Kastelein et a

Cohort BE: 344

2620 PY

Nguyen et al*!

Cohort BE: 411

2805 PY

Kantor et al'™!

Statins
Men'
OR=0.78
(0.66-0.91)
Women'
OR =0.68
(0.52-0.88)
Simvastatin
Men' OR = 0.69
(0.50-0.94)
Women' OR =0.82
(0.68-0.99)
Atorvastatin
Men'
OR=0.73
(0.55-0.96)
Women'
OR=0.73
(0.47-1.13)
Statins'
OR =0.88
(077-1.01)

Statins®
OR =0.8 (0.3-1.8)
Statins'

OR =0.84
(0.73-0.95)
Lipophylic statins'
OR =0.86
(0.75-0.98)
Hydrophilic
statins' OR = 0.71
(0.51-0.98)
Statins
OR =0.57
(0.28-0.94)
Statins
OR =0.46
(0.21-0.99)
Statins + NSAIDs
OR=0.22
(0.06-0.85)
Statins
OR = 0.55
(0.36-0.86)
Statins
OR = 0.68
(0.30-1.54)
Statins + NSAIDs
OR =041
(0.13-1.26)

Statins'

1
None

2
None

Statins'

Statins

Statins
Statins +
NSAIDs

Statins

Statins +
NSAIDs

'Results pertain to esophageal carcinoma; “Results pertaining to all

cancers. PY: Patient years; EAC: Esophageal adenocarcinoma; BE: Barrett’s
esophagus; NSAIDs: Non-steroidal anti-inflammatory drugs.

At present, there are no published observational
studies evaluating statin chemopreventive effect in BE
patients in the general population. Moreover, there are no
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interventional studies underway.

MECHANISMS OF STATIN
CHEMOPREVENTIVE EFFECT

Statins competitively inhibit 3-hydroxy-3-methylglutaryl
coenzyme A reductase, the rate-limiting enzyme in the
biosynthesis of cholesterol. Although this is their most
appreciated biological action, statins have several other
important roles. They inhibit biosynthesis of I.-mevalon-
ate'] a precursor of cholesterol, and they produce two
isoprenoid intermediates: farnesyl pyrophosphate and ge-
ranylgeranyl pyrophosphate"'”. Farnesyl pyrophosphate
and geranylgeranyl pyrophosphate attach to several cel-
lular proteins including G proteins by a posttranslational
modification termed isoprenylation. The isoprenylation
of G proteins is crucial for membrane attachment and
normal functioning. The low molecular weight G pro-
teins, including Ras, Rho, Rab and Cdk 42, play crucial
roles in signal transduction and therefore influence im-
portant cellular functions, such as proliferation, apoptosis
and differentiation. Ras represents the most important G
protein and is predominantly farnesylated, while all other
GTPases are predominantly geranylated. Ras mutations
in preneoplastic cells determine their susceptibility to
statin treatment ', Because Ras in EAC cells is very sus-
ceptible to statin treatment, statins are very effective in
all available epidemiological studies”****.,

Ras pathway down-regulation could reduce phos-
phoinositide 3 kinase/Akt and extra-cellular signal regu-
lating kinase activities, enhancing cell proliferation and
modulating cell-cell interactions. Moteovet, it up-regu-
lates the pro-apoptotic proteins Bad and Bax through
phosphoinositide 3 kinase/Akt pathway, preventing cell
apoptosis' """ Through Ras modification, statins
attenuate total cellular and cell-surface intracellular adhe-
sion molecule-1 expression and activate NF-B"™*".

Through a G-protein independent mechanism, statins
can suppress angiogenesis. Angiogenesis inhibition is a
result of the inhibition of the expression or activity of
monocyte chemoattractant protein-1, inhibition of me-
talloproteinase, angiotensin-2, preproendothelin gene, as
well as inhibition of actin filament and by focal adhesion
molecules formation!"*. Finally, they present with an an-
ti-inflammatory effect by reducing tumor necrosis factor-
alpha” and intracellular adhesion molecule-1 (a critical

adhesion molecule involved in transendothelial tumor cell
[123,124]

migration

Because statins do not interfere with various prolif-
eration pathways, such as MAPK pathway and transcrip-
tion factor AP1/c-jun terminate kinase[m(’], NSAIDs can
enhance statin chemopreventive effect by blocking those
metabolic routes!'”. As a result, whenever statins and
NSAIDs are combined, lower doses of either chemo-
preventive agent are necessary, leading to a reduction of
side effects. Current epidemiogg%iﬁﬁilﬂdata unanimously

verify NSAID and statin synergy .
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Because adiponectin and ghrelin can interfere in vitro
with EAC cell apoptosis“%l, obesity, a parameter over-
looked by most observational studies™*"*

further attention.

, mandates

SIDE EFFECTS OF STATIN
CHEMOPREVENTION

Statins are generally safe medications. Out of the various

adverse effects of statins, only liver and muscle-related
toxicity is consistently reported“m. Between 1987 and
2001, the Food and Drug Administration (FDA) record-
ed 42 deaths from rhabdomyolysis induced by statins,
translated to one death per million prescriptions (30 day
supply). Although 5%-10% of patients complain of mus-
cle symptoms, only 1%-3% of them are actually statin
related. Muscle symptoms usually occur within the first
6 mo of starting statins but can occur months or years
after the initiation of statin therapy and automatically
resolve within 2 mo of discontinuing statin therapy“zs].
The incidence of statin-associated myopathy is quite low
(approximately 0.01%) and rhabdomyolysis even lower
(0.002%)"”. Fatal rhabdomyolysis has been estimated to
occur in approximately 1.5 in 10 million prescriptions[m]

Post-marketing surveillance studies of statins revealed
that elevation in hepatic aminotransferases are dose re-
lated, mild and unrelated to low-density lipoprotein low-
ering effect. Thus, most hepatologists no longer consider
statins to have any significant hepatotoxicity“m. Although
serious hepatotoxicity is rare, 30 cases of liver failure
associated with statin use were reported to the FDA be-
tween 1987 and 2000, the rate being about one case per
million person-years of use. Thus, the occurrence of
acute liver failure thought to be caused by statins is well
below the background rate of idiopathic acute liver fail-
ure in the general populationmz‘

Evidence from four cohort studies and case reports
suggest that statins cause reversible peripheral neuropa-
thy. Nevertheless, the attributable risk is small (12 per
100000 person-years) and no change in cognitive func-
tion was found in randomized trials of statins in elderly
patients™,

Because BE patients are usually old with various
multi-systemic comorbidities”™, increased toxicity is ex-
pected[m‘ with statin use. No study today has specifically
addressed statin toxicity in BE patients.

FUTURE DIRECTIONS

The poor prognosis of patients diagnosed with EAC
presents a challenge to the clinician. Consequently there

is burgeoning interest in potential chemo-preventive
strategies. Considerable evidence of medium quality is
available of a protective effect of NSAIDs, yet because
of their side-effect profile, widespread use cannot be cur-
rently justified. Although statin safety profile is good, epi-
demiological and animal data are limited to justify their
use as chemo-preventive agents. Because mortality due to
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cardiovascular disease is high in BE patients, “technical
review on the management of Barrett’s esophagus today”
suggests screening for cardiovascular factors in BE pa-
tients and aspirin and statin use as warranted™. Because
we have shown no benefit for non-aspirin NSAID use in
BE patients with ischemic heart disease™
tial cardiovascular side effects are expecte , use of
non-aspirin NSAIDs should be withheld in patients with
BE and cardiovascular co-morbidities, at least until more
clinical data might justify their use.

Large randomized control trials in the near future

and substan-
qros104

are expected to safely evaluate NSAIDs and statins as
chemopreventive agents and possibly introduce their
widespread use in patients with BE. Because of their syn-
ergistic effect™™”. such trials ought to test either and both
medications against proton pump inhibitors alone.
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Abstract

Colorectal cancer (CRC) is the third most common
type of cancer worldwide. Screening measures are far
from adequate and not widely available in resource-
poor settings. Primary prevention strategies therefore
remain necessary to reduce the risk of developing CRC.
Increasing evidence from epidemiological studies, ran-
domized clinical trials and basic science supports the
effectiveness of aspirin, as well as other non-steroidal
anti-inflammatory drugs, for chemoprevention of sever-
al types of cancer, including CRC. This includes the pre-
vention of adenoma recurrence and reduction of CRC
incidence and mortality. The detectable benefit of daily
low-dose aspirin (at least 75 mg), as used to prevent
cardiovascular disease events, strongly suggests that
its antiplatelet action is central to explaining its antitu-
mor efficacy. Daily low-dose aspirin achieves complete
and persistent inhibition of cyclooxygenase (COX)-1 in
platelets (in pre-systemic circulation) while causing a

(4 9

TR
JBaishideng®

WJGPT | www.wjgnet.com

40

limited and rapidly reversible inhibitory effect on COX-2
and/or COX-1 expressed in nucleated cells. Aspirin has
a short half-life in human circulation (about 20 min-
utes); nucleated cells have the ability to resynthesize
acetylated COX isozymes within a few hours, while
platelets do not. COX-independent mechanisms of aspi-
rin have been suggested to explain its chemopreventive
effects but this concept remains to be demonstrated /n
vivo at clinical doses.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Aspirin; Colorectal cancer; Cyclooxygenase
inhibition; Mechanisms; Risk; Benefits

Core tip: Colorectal cancer (CRC) is a major cause of
morbidity and mortality worldwide. Currently, CRC
screening programs are not widely available and need
to be improved. New prevention strategies are there-
fore necessary. Daily low-dose aspirin, as given for the
prevention of cardiovascular disease events, has dem-
onstrated benefits in clinical and basic studies in terms
of preventing adenoma recurrence and decreasing the
incidence of CRC and attributable mortality. These find-
ings indicate that the antiplatelet action of aspirin plays
a central role in its antitumor effect. Cyclooxygenase-
dependent and independent mechanisms have been
suggested to explain this effect. Extensive translational
medical research is mandatory for future progress in
CRC prevention.

Sostres C, Gargallo CJ, Lanas A. Aspirin, cyclooxygenase in-
hibition and colorectal cancer. World J Gastrointest Pharmacol
Ther 2014; 5(1): 40-49 Available from: URL: http://www.
wjgnet.com/2150-5349/full/v5/i1/40.htm DOI: http://dx.doi.
org/10.4292/wjgpt.v5.i1.40

INTRODUCTION

Colorectal cancer (CRC) is the third most common can-
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cer worldwide, accounting for an estimated 9.8% of all
new cancers (1.2 million cases annually) and 8.1% of all
cancer mortalitym. It arises through the cumulative effects
of inherited genetic predisposition and environmental
factors. Genomic instability is an integral part of the
transformation of normal colonic or rectal mucosa into
carcinoma. Three molecular pathways have been identi-
fied: chromosomal instability, microsatellite instability
and CpG island methylator phenotype pathways. These
pathways are not mutually exclusive, with some tumors
exhibiting features of multiple pathways. Germline muta-
tions are responsible for hereditary CRC syndromes (ac-
counting for less than 5% of all CRC), while a stepwise
accumulation of genetic and epigenetic alterations results
in sporadic CRC.

Today it is well known that screening reduces CRC
mortality and is recommended, beginning at age 50,
for average risk individuals, although compliance is far
from adequate and screening is not widely available in
resource-poor settings™”. Primary prevention strategies
are therefore still necessary to reduce the risk of CRC,
especially because of the limitations of population-based
secondary prevention programs that rely on detection
and removal of adenomas.

Aspirin has demonstrated its efficacy in the preven-
tion of adverse events related to cardiovascular disease
(CVD). It is one of the most widely used drugs in the
wotld. One survey suggested that over one-third of the
United States adult population use low-dose aspirin (LDA)
regularlym. In England in 2007, over 30 million primary
care prescriptions were issued for aspirinm. Hence, both
physicians and patients are largely familiar with the long-
term use of aspirin for chronic disease management. In
addition, CRC and CVD share the same risk factors, such
as older age, being overweight/obesity and physical inac-
tivity.

Today, a large body of clinical and experimental evi-
dence indicates that aspirin can protect against different
types of cancer, in particular CRC'”, A role of the anti-
platelet effect of aspirin in its anti-cancer effect is also
supported by several studies.

In this review we will discuss clinical results related to
the impact of aspirin on the risk of CRC. Then, we will
explain the pharmacology of aspirin at low doses in order
to provide a mechanistic interpretation of aspirin action
as a chemopreventive agent for CRC, in particular the
selective inhibition of platelet cyclooxygenase (COX)-1
activity.

CLINICAL EFFECTS OF ASPIRIN ON
SPORADIC CRC

Evidence from epidemiological studies
Most case-control and cohort studies have found that
regular aspirin use was associated with reduced risk of

CRC". A systematic review of case-control studies pub-
lished in 2012 showed a statistically significant reduc-
tion of long-term risk of developing CRC (OR = 0.62,
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Table 1 Summary of the associations between regular use of

aspirin and risk of colorectal cancer in case-control and cohort
studies

Study type n Aspirin Controls  OR (95%CI) P value

Case-control

Any ASA 26 10464/25618 28300/47834 0.67 (0.60-0.74) < 0.0001
Maximum 17 1551/12659 2664/18153 0.62 (0.58-0.67) < 0.0001
reported
ASA
ASA =5yr 10 971/7682  1534/10029 0.68 (0.63-0.75) < 0.0001
Daily ASA 4  165/1254 349/1523  0.49 (0.40-0.60) < 0.0001
Daily ASA 1 66/1668 121/1973  0.63 (0.46-0.86)  0.004
=5yr

Standard cohort

Any Aspirin 11 3791/2764414 3623/2514652 0.85 (0.82-0.89) < 0.0001

Maximum 8 661/664475 1858/1374905 0.78 (0.71-0.84) < 0.0001
reported ASA

ASA =5yr 4 889/1022192 1311/1304760 0.76 (0.70-0.82) < 0.0001
Daily ASA 5 741/658536 1115/819288 0.80 (0.73-0.88) < 0.0001
Daily ASA 1 60/38302  420/232116 0.68 (0.52-0.90) 0.0060
=5yr

Nested case-control

Any ASA 6 2215/8926 65099/109526 0.87 (0.75-1.00) 0.0700
Maximum 5 206/4457  8302/40948 0.67 (0.58-0.77) < 0.0001
reported ASA

ASA =5yr 1 116/228  23704/37935 0.62 (0.48-0.81) < 0.0001
Daily ASA 1 53/165 8744/22975 0.77 (0.55-1.07) 0.1400
Daily ASA 1 29/141 7274/21505 0.51 (0.34-0.76)  0.0120
=5yr

Modified from Algra et al'’. Estimates from standard cohort studies are
based on results adjusted for age and other baseline clinical characteristics.
ASA: Aspirin.

95%Cl: 0.58-0.67) in regular aspirin users compared with
non-users, as well as a significant reduction in the pro-
portion of cancers with distant metastasis at diagnosis
(OR = 0.69, 95%CI: 0.57-0.83)"" (Table 1). An analysis
of 662424 men and women entolled in the Cancer Pre-
vention Study II cohort showed that daily use of aspirin
for at least 5 years was associated with a 32% reduction
in risk of CRC". Two cohort studies of United States
health professionals (47363 men and 82911 women)
showed that regular aspirin users (= 2 times/wk) had
21% and 23% lower risk of CRC, respectively, during
follow-up petiods of 18 and 20 years respectively' ™',
Moteovert, in a sepatate analysis of a Nurses Health Study
cohort, regular aspirin use also reduced the risk of death
from CRC by 28% and risk of death from any type of
cancer by 12%'"%.

Evidence from clinical trials

In 2010, Rothwell ¢z /' obtained long-term follow-up
data on cancer outcomes from four randomised trials that
were originally designed to evaluate the effect of aspirin
on the prevention of CVD events (Table 2). These trials
studied diverse populations with CVD, including men at
low risk (# = 10,224) and men and women at high risk
(n = 3809). Dosage ranged from 75-1200 mg/d, median
treatment duration was 6 years and median follow-up was
18.3 years. Treatment with aspitin (75-500 mg/d) reduced
the 20-year risk of CRC by 24% and CRC-associated
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study and details of post-trial follow-up
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Table 3 Clinical effects of aspirin on sporadic colorectal

cancer (clinical trials)

Thromobosis Swedish ~ UK-TIA British
prevention aspirin low aspirin trial doctors
trial dose trial aspirin
trial
ASA comparison 75mg/dvs 75mg/d 300mguvs 500mg/d
placebo s placebo 1200 mg/d vs placebo
vs placebo
Recruitment period 1989-1992  1984-1989 1979-1985 1978-7199
Median duration of 6.9 2.7 44 6
scheduled treatment in
original trial (yr)
Year post-trial 2009 2007 2006 2002

follow up extended to

Modified from Algra et al'®!. ASA: Aspirin.

mortality by 35%. The benefit increased with longer du-
ration of treatment and seemed to be higher for proximal
CRC compared to distal CRC. An absolute reduction of
1.76% (P = 0.001) in 20-year risk of any fatal CRC after
5 years of daily treatment with aspirin (75-300 mg) was
observed. Subsequently, the same authors published a
study that examined the effects of daily aspirin on long-
term risk of death due to all cancers. They included data
from eight randomised trials (25570 patients, 674 cancer
deaths) and concluded that aspirin use reduced the risk
of death due to cancer (pooled OR = 0.79, P = 0.003),
but the benefit was only apparent after 5 years of treat-
ment. Absolute reduction reached 7% in 20-year risk of
death due to cancer for patients aged = 65 years. In the
3 trials reporting data on the specific site of cancer oc-
currence with treatment duration of 5 years or longer
and long-term follow-up, patients randomized to aspirin
showed a statistically significant 20 year risk reduction of
death due to CRC of 40% (HR = 0.60; 95%CI: 0.45-0.81,
P =0.0007)"",

Although these data are compelling, it should be tak-
en into account that these studies were secondary analy-
ses of CVD prevention trials and therefore they were not
originally designed to examine CRC incidence or mortal-
ity. In addition, there are two large randomized trials of
alternate-day aspirin treatment in healthy subjects: the
Physician’s Health Study (PHS)"” and Women’s Health
Study (WHS), which showed no effect of aspirin on the
incidence of CRC over a 10-year follow-up periodm. The
PHS determined the effect of aspirin 325 mg every other
day on CVD in 22,071 healthy male physicians. In this
study, the relative risk of CRC over a 10-year follow up
was 1.03 (95%CI: 0.83-1.28). The WHS examined the ef-
fect of 100 mg every other day in 39876 healthy women.
The relative risk of CRC was 0.97 (95%CI: 0.77-1.24).
There are several plausible explanations for the discrep-
ancy in results between the meta-analyses petrformed by
Rothwell and incidence data of the PHS and WHS trials.
Firstly, both trials used alternate-day dosing regimens in
contrast to daily dosing used in the studies included in
both meta-analyses. Secondly, in the PHS and WHS tri-
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Rothwell ez a/  Physician’s health Women’s health

meta analysis study study
ASA dosage 75-1200 mg/d 325 mg per every 100 mg per every
other day other day
Duration of =20 10 10
follow up (yr)
Relative risk of 0.76 1.03 0.97

CRC over follow (95%CI: 0.60-0.96) (95%Cl: 0.83-1.28) (95%CI: 0.77-0.24)
up (HR)

Comparison of findings from meta-analysis performed by Rothwell et al™
and incidence data of Physician’s Health Study and Women's Health Study
studies*"**"l, CRC: Colorectal cancer; ASA: Aspirin.

als, the duration of follow-up was shorter and may have
been insufficient to detect the aspirin effect. Finally, in
the WHS trial, the equivalent daily dose of aspirin was 50
mg, lower than the 75 mg/d shown to be the minimum
effective dose in the Rothwell meta-analyses'” (Table 3).

The precursors of CRC are colorectal adenomas in
most cases. It would be expected that the chemopreven-
tive effects of aspirin should begin before the develop-
ment of CRC. The long duration of aspirin treatment
required to show a preventive effect against invasive CRC
probably reflects the time required for the development
of cancer from precursor lesions (5-10 years). To date,
four randomized double-blind placebo-controlled tri-
als with 2967 participants have evaluated aspirin versus
placebo for the secondary prevention of colorectal ad-
enomas (in patients who had had colorectal adenomas
or CRC)"". Doses ranged from 81 to 325 mg/d and
median follow-up was 33 mo. The meta-analysis of these
randomized trials”"! showed a statistically significant 17%
reduction of the risk of developing adenoma with any
dose of aspitin vs placebo (RR = 0.83; 95%CI: 0.72-0.96).
This corresponded to a significant absolute risk reduction
of 6.7%. For any advanced lesion, a significant relative
risk reduction of 28% for aspirin at any dose was ob-
served. This preventive effect emerged rather quickly (1
year) after the initiation of aspirin use (Table 4).

CLINICAL EFFECTS OF ASPIRIN IN
HIGH-RISK POPULATIONS: FAMILIAL
ADENOMATOUS POLYPOSIS AND
LYNCH SYNDROME

To date, there are two controlled randomized trials that
primarily evaluated the efficacy of aspirin in high-risk
CRC patients: the Colorectal Adenoma/Carcinoma Pro-
gramme (CAPP)1", which included 206 young individu-
als with a diagnosis of familial adenomatous polyposis
(FAP), and CAPP2™!, which studied 1009 patients with
Lynch syndrome. Both studies compared aspirin (600
mg/d), with or without resistant starch or resistant starch
placebo. Data from CAPP1 patients were only analyzed
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Table 4 Clinical effects of aspirin in incidence of sporadic colorectal adenomas (clinical trials)

Study Patients Treatment RR (95%CI) Ref.
AFPPS trial Patients with a recent history ASA (81 or 325 mg/d) or folic acid (1 mg/d) or Any adenoma [17]
of histologically documented placebo for 2.7 years 0.81 (0.69-0.96), ASA 81mg vs non ASA
(removed) adenomas 0.96 (0.81-1.13), ASA 325 mg vs non ASA
Advanced lesion
0.59 (0.38-0.92), ASA 81 mg vs non ASA
0.83 (0.55-1.23), ASA 325 mg vs non ASA
CAPS trial ~ Patients with a histologically ASA 325 mg/d or placebo for 2.6 years 0.65 (0.46-0.91) [18]
documented colon or rectal cancer
with a low risk of recurrent disease
APACC trial Patients with a history of colorectal ASA 160 or 300 mg/d or placebo 0.73 (0.52-1.04) for both doses, after 1 year  [20]
adenomas for 1 and 4 years 0.96 (0.75-1.22), for both doses, after 4 years
ukCAP trial Patients with an adenoma removed ASA (300 mg/d) plus placebo or ASA plus folic ~ Any adenoma [19]

in the 6 mo before recruitment

double placebo for about 2.6 years

J-CAPP trial Patients with previous sporadic
colorectal tumors

acid (0.5 mg/d) or folic acid plus placebo or

ASA 100 mg/d or placebo for 2 years

0.79 (0.63-0.99), ASA vs non ASA,
Advanced adenoma

0.63 (0.43-0.91), ASA vs non ASA
Ongoing

ASA: Aspirin.

Table 5 Clinical effects of aspirin in high risk population (clinical trials)

Study Patients Treatment RR or HR (95%CI) Ref.
CAPP1 trial ~ FAP young patients (10 to  ASA (600 mg/d) plus placebo or resistant starch (30 RR = 0.77 (0.54-1.10), ASA vs non ASA [22]
21 years of age) g daily) plus placebo or double placebo for 17 years
CAPP2 trial ~ Hereditary non-polyposis  ASA (600 mg/d) or ASA placebo or resistant starch HR = 0.63 (0.35-1.13), for the entire post- [23]
colon cancer or HNPCC (30 g daily) or starch placebo for up to 4 years randomization period (ASA vs placebo)
HR = 0.41 (0.19-0.86), for = 2 years of treatment
(ASA vs placebo)
J-FAPP II trial FAP patients (= 16 years of Placebo vs enteric coated ASA (100 mg/d ) for 6-10 Ongoing [25]

age) mo

ASA: Aspirin; FAP: Familial adenomatous polyposis.

if they had received treatment for at least 1 year. CAPP2
patients received aspirin for a mean of 29 mo.

The CAPP1 trial showed that the mean size of the
largest polyps was significantly reduced in aspirin users.
Despite a trend to fewer polyps in the rectum and sig-
moid colon in aspirin versus non-aspirin users at the end
of intervention (from 1 to 12 years), the difference was
not significant.

CAPP2 was the first clinical trial that had cancer pre-
vention as a primary endpoint. At the end of the inter-
vention phase, analysis showed that aspirin treatment did
not reduce the risk of developing new adenomas (RR =
1.03; 95%CI: 0.7-1.4) or CRC. The study design involved
post-intervention follow-up“”. Over a mean follow-up of
55.7 mo, 48 aspirin users had developed 53 primary CRC,
whereas in intention-to-treat analysis of time to first CRC
there were no differences (HR = 0.63; P = 0.12) and the
per-protocol analysis of patients completing 2 yeats of
intervention yielded a HR of 0.41 (0.19-0.86, P = 0.02)
(Table 5).

In Japan, two chemoprevention studies are currently
being performed: one in patients with previous sporadic
colorectal tumors [Japan Colorectal Aspirin Polyps Pre-
vention (J-CAPP study)] and the second in patients with
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familial adenomatous polyposis (J-FAPP study II). Both
are double-blind randomized controlled trials with low-
dose aspitin (100 mg/d) and study the effect of aspirin in
colorectal carcinogenesis 2

CLINICAL EFFECTS OF ASPIRIN IN
PATIENTS WITH PREVIOUS CRC

It has been suggested that aspirin may prevent recurrence
or death in CRC patients. In a placebo-controlled ran-
domized trial of patients with a history of non-metastatic
CRC after resection, daily treatment with LDA was asso-
ciated with a 35% reduction in risk of recurrent adenoma
or carcinoma at 36 mo'"”. In a cohort study of health
professionals diagnosed with stage I -1l CRC, regular use
of aspirin after diagnosis was associated with higher CRC
specific survival compared with non-users”’

DOSING FOR CHEMOPREVENTION

Because most aspirin-related adverse effects are dose-
dependent, to find the minimum effective dose required
for CRC prevention remains a critically important issue.
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Figure 1 Balancing risk-benefits for the use of
low dose aspirin. CRC: Colorectal cancer; NSAID:
Nonsteroidal anti-inflammatory drug; CV: Cardio-
vascular; PPI: Proton pump inhibitor; ASA: Aspirin.

H. pylori infection

Benefits:
CV prevention
CRC prevention
All cancer prevention
Distal metastais prevention

~—

The Rothwell meta-analysis found that daily LDA regi-
mens for the prevention of CVD-related events (75-325
mg) were as effective as daily high-dose aspirin[m. How-
ever, the short-term follow up data from the pPHS!"™!
(aspirin 325 mg every other day) and the WHS"" (aspirin
100 mg every other day) did not show a reduction in risk
of CRC. These negative findings could be attributed to
alternate day dosage and/or short follow up and/or the
lower dose, especially in the WHS trial. The adenoma
trials (REFS) also indicate that LDA (81-325 mg/d) re-
duces the risk of developing adenomas and advanced
adenomas.

Although follow-up of the randomized trial of daily
aspirin in CVD prevention and adenoma prevention trials
demonstrated that daily LDA of 75-81 mg may be suf-
ficient for CRC prevention, the results of observational
studies are controversial. Some suggested that 300-325
mg may be necessary for CRC prevention but most pro-
vided incomplete information regarding the dose and
duration of aspirin treatment! """,

Therefore, taking the clinical trial and observational
information together, there is very strong evidence that
long-term LDA (75-325 mg/d) reduces the tisk of CRC.
Importantly, for the prevention of CVD-related events,
LDA (75-81 mg/d) seems to be as effective as high-dose
aspitin (300-325 mg/d) and, moreover, LDA has a bet-
ter safety profile. However, daily aspirin at any dose may
show greater benefit in patients with CVD than in those
at risk of CRC.

BALANCING RISKS AND BENEFITS

Based on cutrent evidence, treatment with LDA for 5
years in patients at risk of CVD-related events will proba-
bly prevent between 12 and 40 myocardial infarctions per
1000 patients treated, assuming an overall 10% risk of

(49

TR
JBaishideng®

WJGPT | www.wjgnet.com

44

NSAID/ other antiplatelet use
Prior peptic ulcer

Gastrointestinal bleeding
Bleeding events
clinically significant

CVD-related events in this populationlzgj. Unfortunately,
LDA use is also associated with 2-4 upper gastrointestinal
bleeding events per 1000 patientslzsj. However, the risk of
adverse events differs according to patient characteristics
(gender, age, history of ulcer, e«.). It is of course pos-
sible to reduce gastrointestinal risk with proton pump
inhibitors, but we cannot reduce the risk of intracranial
bleeding. Given the risk of bleeding, clinical guidelines
(2007) recommended against the routine use of aspirin
for CRC prevention in average-risk individuals™. How-
evet, the accumulating evidence from randomized clinical
trials provides an exciting opportunity to reconsider the
potential role of aspirin in cancer prevention; therefore,
future practice guidelines recommendation for primary
prevention in average-risk individuals for aspirin prophy-
laxis may also consider the prevention of cancer and not
only the benefits of aspirin for the prevention of CVD-
related events (Figure 1).

MECHANISM OF ACTION OF ASPIRIN

Aspirin, like other nonsteroidal anti-inflammatory drugs
(NSAIDs), has the capacity to reduce prostanoid gen-
eration by inhibiting the activity of COX isozymes.
Prostanoids are biologically active derivatives of arachi-
donic acid (AA) released from membrane phospholipids
through the activity of different phospholipasesm’m.
There are two isoforms of COX, named COX-1 and
COX-2". Both COX isozymes are differently regulated
catalytically, transcriptionally and post-transcriptionally,
but they share the same catalytic activities.

COX-1 gene is considered a “housekeeping gene” and
the protein is highly expressed in platelets where it is re-
sponsible for the generation of thromboxane A2 (1XA2),

which promotes platelet activation and aggregation, vaso-

constriction and proliferation of vascular smooth muscle
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cells®™, Tn addition, COX-1 is highly expressed in gas-
tric epithelial cells where it plays an important role in cy-
toprotection through the generation of prostanoids, such
as prostaglandin E2 (PGE2)""*! In contrast, COX-2
gene, a primary response one with many regulatory
sites”™, is constitutively expressed in some tissues in physi-
ological conditions, such as the endothelium, kidney and
brain, and in pathological conditions, such as in cancer””
In cancer cells, the major prostanoid produced through
COX-2 is PGE2, which plays important roles in modulat-
ing motility, proliferation and resistance to apoptosis™*".

Unlike other NSAIDs, aspirin is able to produce an
irreversible inactivation of COX isozymes through the
acetylation of a specific serine moiety (Ser529 of COX-1
and Ser516 of COX-2), Acetylation of the allosteric
subunit of COX-1 by aspirin causes an irreversible inhi-
bition of COX activity and, in turn, of the generation of
PGG2 from AA. Acetylated COX-2 is not able to form
PGG: but it generates 15R-hydroxyeicosapentaenoic acid
(15R-HETE) from AA™. However, there is no convinc-
ing evidence that these lipid mediators triggered by aspi-
rin are generated 7 vipo in humans.

ASPIRIN PHARMACOLOGY

Aspirin has a short half-life when administered 7z vivo and
it is rapidly inactivated by plasma and tissue esterases into
salicylic acid, which is a weak inhibitor of COXs (in the
millimolar range)“o’m. The inhibitory effects of aspirin
have been found to be > 100-fold more potent in inhibit-
ing platelet COX-1 than monocyte COX-2""*"". Aspirin
at low doses (75-100 mg daily) is able to cause nearly
complete inhibition of the capacity of platelet COX-1
to generate TXAX* . Due to irreversible inhibition of
COX-1 and the limited capacity of platelets for de novo
protein synthesis'*, the profound inhibitory effect of
platelet function by aspirin persists throughout the dose
interval (z.e., 24 h).

The major part of the inhibitory effect of platelet
COX-1 by the oral administration of low-dose aspirin
occurs in the presystemic circulation where the drug
reaches higher concentrations™*”. The impact of low-
dose aspirin, administered once daily, on COX-2 activity
in vivo is marginal. In summary, the pharmacokinetics and
pharmacodynamics of low-dose aspirin support the fact
that the drug acts mainly by modifying platelet function
as a consequence of COX-1 inhibition. At higher doses,
aspirin may affect COX-2 in a dose-dependent fashion.

COX-DEPENDENT MECHANISMS FOR
ANTITUMOR EFFECTS

Randomised clinical trials have shown that once daily
LDA provides a chemopreventive effect against athero-
thrombosis” and CRC"'. This finding suggests that
enhanced platelet activation is involved in the develop-
ment of these two pathological conditions. In fact, these
aspirin doses and dosing intervals are consistent with a
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selective inhibitory effect of aspirin on platelet COX-1
activity and on TXA2-dependent platelet function.

Transcriptional upregulation of the COX-2 gene has
been observed in nearly half of human colorectal adeno-
mas and 80%-90% of CRC, probably related to the dis-
turbed function of the APC gene. However, COX-7 gene
and protein expression are not affected™™ and the role
of this enzyme in CRC carcinogenesis remains unclear.
In colonic mucosa, COX-2 is localized predominantly
in tumor tissue, including epithelial cells, mononuclear
cells, endothelial and stromal cells, but not in nearby
normal tissue. Upregulation of COX-2 is associated with
increased cell adhesion, phenotypic changes, resistance
to apoptosis and tumor angiogenesis[ﬁsﬂ. COX-2 ex-
pression does not always correlate with survival and/or
with Duke’s stage of the disease™™. This suggests a
role of upregulated COX-2 for the initial stages of colon
carcinogenesis but not for clinical outcome at advanced
stages. The best studied consequence of upregulated
COX-2 in CRC is enhanced prostaglandin producrion1481
Prostaglandin levels in CRC tissue are 3-4 fold higher
than in healthy tissue in the vicinity, with PGE2 being
the predominant product[m]. PGE2 inhibits apoptosis
and stimulates tumor growth and angiogenesis via stimu-
lation of b-catenin/T-cell factor dependent transcrip-
tion”. In addition, PGE2 acts as an immunosuppressant
in patients with CRC™®. The clearest clinical evidence
for COX-2 as a pharmacological target for the chemo-
preventive action of aspirin was the finding that aspirin
reduced the risk of CRC exclusively in individuals with
elevated COX-2 expression but not in those without*.
This was associated with a reduction in morta]ityl(’s]. Al-
though these findings were from observational studies,
they confirmed experimental data that prostaglandins and
non-prostaglandin COX-2 products ate central to the
pathogenesis of CRC. The vast majority of published
experimental studies have reported beneficial antitumor
effects for aspirin, celecoxib and non-aspirin NSAIDs in
a variety of experimental models'”*”. These data strongly
suggest a central role of COX-2 in CRC and its inhibition
is an effective chemopreventive measure (Figure 2).

The generation of TXA2, a major product of platelet
COX-1 which promotes platelet aggregation and vaso-
constriction[()g], represents another important mechanism
by which platelets can affect tumorigenesis. One study
has shown that enhanced TXA2 generation into murine
colon-26 adenocarcinoma cell line (C26) stimulated tu-
mor angiogenesis, tumor growth iz sivd™ and promoted
the interaction between metastasizing tumor cells and
the host hemostatic system[w], thus suggesting a role of
TXA2 in promoting angiogenesis and the development
of tumor metastasis' .

In one study, the authors demonstrated PGE2 inhibi-
tion in rectal biopsies performed 1 mo after treatment
with three different doses of aspirin (81, 325 and 650
mg) versus placebo'". Unexpectedly, the 81 mg daily
aspirin dose suppressed PGE2 levels to the same extent
as the 650 mg dose. In another study, treatment with 81
mg of aspirin per day for 3 mo reduced mucosal PGE2
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= . Figure 2 Cyclooxygenase-dependent mechanisms for
Low dose aspirin antitumoral effects of low dose aspirin. CRC: Colorectal

' cancer; COX: Cyclooxygenase; PGE2: Prostaglandin E2.
. A o
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and transforming growth factor-or expression in appat- CONCLUSION

ently normal rectal mucosa of individuals with a history

of adenomatous polypsm. Further studies using more A large body of clinical evidence supports the protec-
appropriate methodologies are required to definitively tive action of aspirin as a chemopreventive agent for
clarify whether LDA affects COX-1 activity in the gastro-  different types of cancer, in particular CRC'". Also, in-
intestinal tract. creasing indirect evidence has led to the hypothesis that
Some investigators have proposed that both COX-1 the antiplatelet effect of aspirin is a central mechanism
and COX-2 pathways are involved in intestinal tumori- for its antitumor effect™". The finding of an appar-
genesis and that they operate sequentially. This is strongly ent maximum chemopreventive efficacy against cancer
supported by the findings of experimental animal stud- and atherothrombosis by low-dose aspirin lends support
ies in which the loss of either COX-7 or COX-2 genes to this hypothesism. At low doses every 24 h, aspirin
blocks intestinal polyposis in mouse models of FAP by acts as a complete and persistent inhibitor of COX-1 in
about 90%*, platelets (in pre-systemic circulation) . while causing a
limited and rapidly reversible inhibitory effect on COX-2

COX-INDEPENDENT MECHANISMS OF and/or.COX—l expressed _in nucleated cells™, Despi?e
uncertainty about the precise mechanisms that underlie

ANTITUMOR EFFECTS aspirin’s anticancer benefit, the evidence supporting its

effectiveness for the prevention of CRC is substantial;
daily aspirin for at least 5 years has been shown to reduce
the 20-year risk of CRC by 32% and 20-year mortality
by 43%". Therefore, the potential benefit of aspirin in
both CVD and prevention of cancer at multiple sites may
favor its use for broader chronic disease prevention. It is
likely that the benefits in terms of morbidity and mortal-
ity will outweigh concerns about gastrointestinal bleed-
ing, which is rarely life threatening, and cerebral bleeding,
which is extremely uncommon. Health authorities should

Evidence from different lines of research indicates that
COX-2 independent mechanisms may also affect apop-
tosis and cell proliferation in CRC and are sensitive to
both aspirin and non-aspitin NSAIDs. Neatly but not all
human colon cancer cells express COX-2 and produce
prostaglandins™"™!. Today, several COX-independent
mechanisms of aspirin have been reported that might
contribute to its chemopreventive effects in tumorigen-
esis”). Most of these effects have been found in vitro
using supra-therapeutic concentrations of aspirin which

cannot be obtained in systemic circulation with low doses consider the possibility of extending recommendations
of the drug. However, no convincing evidence has been on the routine use of aspirin, taking into account its ben-
obtained to demonstrate that these mechanisms are op- eficial effects in cardiovascular disease and cancer preven-
erative 7 vivo, particularly with low doses of aspirin which tion.

have been associated with chemopreventive benefits in Extensive translational medical research is required
randomised clinical trials. In any case, currently available to confirm the hypothesis of platelet-mediated colon
evidence cleatly points to the existence of further cellu- tumorigenesis. Importantly, these studies will need to
lar targets of NSAIDs, in addition to COX-2 inhibition, ~ address the current uncertainty concerning the optimal
which may contribute to their antitumor effects. Further aspirin dose, the dosing regimen for cancer prevention,
studies are needed to completely understand the mecha- the possible contribution of individual genetic cancer
nisms involved. susceptibility to aspirin response’ and also the target
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population most likely to benefit from daily aspirin use.
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ing commercial, personal, political, intellectual, or religious interests
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular
papet. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors ICMJE), which is available at: http://www.icmje.
otg/ cthical_4conflicts.html.

Sample wording: [Name of individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names
of organizations], and has received research funding from [names of
organization]. [Name of individual] is an employee of [name of or-
ganization|. [Name of individual] owns stocks and shares in [name of
organization|. [Name of individual] owns patent [patent identification
and brief description].

Statement of informed consent

Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee or it
should be stated cleatly in the text that all persons gave their informed
consent prior to their inclusion in the study. Details that might disclose
the identity of the subjects under study should be omitted. Authors
should also draw attention to the Code of Ethics of the World Medical
Association (Declaration of Helsinki, 1964, as tevised in 2004).

Statement of human and animal rights

When reporting the results from experiments, authors should fol-
low the highest standards and the trial should conform to Good
Clinical Practice (for example, US Food and Drug Administration
Good Clinical Practice in FDA-Regulated Clinical Trials; UK Medi-
cines Research Council Guidelines for Good Clinical Practice in
Clinical Trials) and/or the World Medical Association Declaration
of Helsinki. Generally, we suggest authors follow the lead investiga-
tor’s national standard. If doubt exists whether the research was
conducted in accordance with the above standards, the authors
must explain the rationale for their approach and demonstrate that
the institutional review body explicitly approved the doubtful as-
pects of the study.

Before submitting, authors should make their study approved by
the relevant research ethics committee or institutional review board.
If human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any pet-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transpatency in regard to the performance and reporting of
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clinical trials, we endorse the policy of the ICMJE to refuse to pub-
lish papers on clinical trial results if the trial was not recorded in a
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored
by the United States National Library of Medicine and we encout-
age all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified. A
letter of recommendation from each author’s organization should
be provided with the contributed article to ensure the privacy and
secrecy of research is protected.

Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned
to the author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing.

Online submissions

Manuscripts should be submitted through the Online Submis-
sion System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://www.wignet.com/2150-5349/¢_info_
20100315084234.htm) before attempting to submit online. For
assistance, authors encountering problems with the Online Submi-
ssion System may send an email describing the problem to wigpt@
wjgnet.com, ot by telephone: +86-10-85381891. If you submit your
manuscript online, do not make a postal contribution. Repeated on-
line submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must be
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample margins.
Style should conform to our house format. Required information for
each of the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of less than 6 words should be
provided.

Authorship: Authorship credit should be in accordance with the
standard proposed by International Committee of Medical Journal
Editors, based on (1) substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of data; (2)
drafting the article or revising it critically for important intellectual
content; and (3) final approval of the version to be published. Au-
thors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete
name of institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of Pathology, Chengde
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical
Department, Korgialenio-Benakio Red Cross Hospital, Athens
15451, Greece

Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L. contributed equally
to this work; Wang CL, Liang L, Fu JE, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L. and Fu JF wrote the paper.

Supportive foundations: The complete name and number of sup-
portive foundations should be provided, e.g. Supported by National
Natural Science Foundation of China, No. 30224801
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Instructions to authors

Correspondence to: Only one corresponding address should be
provided. Author names should be given first, then author title, af-
filiation, the complete name of institution, city, postcode, province,
country, and email. All the letters in the email should be in lower
case. A space interval should be inserted between country name and
email address. For example, Montgomery Bissell, MD, Professor of
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of California, Box 0538, San Francisco, CA 94143, United States.
montgomety.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381891 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review.
Normally, three experts ate invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJGPT, review-
ers of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shang-
hai, Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract

There are unstructured abstracts (no less than 200 words) and struc-
tured abstracts. The specific requirements for structured abstracts
are as follows:

An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be struc-
tured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write the
Aim in the form of “To investigate/study/...”), METHODS (no
less than 140 words for Original Articles; and no less than 80 words
for Brief Articles), RESULTS (no less than 150 words for Original
Articles and no less than 120 words for Brief Articles; You should
present P values where appropriate and must provide relevant data
to illustrate how they were obtained, eg., 6.92 £ 3.86 »s 3.61 £ 1.67,
P <0.001), and CONCLUSION (no mote than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.

Core tip

Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents in
your paper to attract readers.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and
DISCUSSION, and should include appropriate Figures and Tables.
Data should be presented in the main text or in Figures and Tables,
but not in both.

Hlustrations

Figures should be numbered as 1, 2, 3, e#., and mentioned clearly
in the main text. Provide a brief title for each figure on a sepa-
rate page. Detailed legends should not be provided under the
figures. This part should be added into the text where the figures
are applicable. Figures should be either Photoshop or Illustra-
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tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wignet.com/1007-9327/13/4554.pdf; http://
www.wijgnet.com/1007-9327/13/4891.pdf; http://www.
wijgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bats should be used rather than
magnification factors, with the length of the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1 Pathological changes in atrophic gastritis after treat-
ment. A: .; B .5 Gy De s Be s Bl Ge Lt Tt is our principle
to publish high resolution-figures for the printed and E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, ¢#., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations

Data that are not statistically significant should not be noted. *P <
0.05,"P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other seties of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of Pvalues can be expressed as “P < 0.05 and ‘P < 0.01.
Other notes in tables or under illustrations should be expressed as
'F, °F, °F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with ®, o, m, O, A, A\, ez, in a certain se-
quence.

Acknowledgments

Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.
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